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first  in  the  official pharmacopoeia  for  the  identification  and purity  control  of medicinally 
used drugs. Detailed knowledge of the anatomy of used plant organs, hence, is crucial for a 
reliable quality control. Although descriptions of the most important medicinally used drugs 
are  available,  respective  data  from  related  plant  taxa  are  rarely  investigated.  As  a 
consequence,  the  anatomical  differentiation  of  pharmaceutically  used  and  inconsiderable 




comprises a  large number of medicinal plants. The study aims  to widen  the knowledge on 
the  root  anatomy  of  the Asteraceae  as  a  basis  for  the  identification  and  the  detection  of 
adulterations by means of light microscopy, one of the basic methods of the pharmacognosy. 
The roots and rhizomes of 59 species out of 33 genera / 12 subtribes of the tribes Cardueae 
and  Cichorieae,  comprising  medicinally  used  taxa  such  as  Taraxacum,  Carlina  acaulis, 
Cichorium intybus, and their pharmaceutically insignificant close relatives, were analysed by 
microscopic  means  and  the  anatomical  data  compared  to  each  other  (transverse  and 
longitudinal sections of each sample, databank comprising about 5500 pictures). Intraspecific 
variation of anatomical features was addressed by examination of several vouchers coming 
in most cases  from different  locations. The plant material was mainly collected  in Austria, 
Italy, Germany, Slovakia  and Poland. Additionally, various  species were  cultivated  in  the 
experimental garden of the department to study the developmental aspect.  
 
In order  to verify  if root anatomy supports  the current prevalently morphology, karyology 
and DNA‐molecular  based  taxonomy  of  the  studied  tribes,  the  anatomical  features were 








referring  to  cluster  analyses  [Ward, Complete  Linkage]  or  to maximum  parsimony)  have 
been  performed,  revealing  similarities  and  connections  between  the  different  calculations 
and samples. A classification matrix of a discriminant function analysis showed an a priori 
classification probability of 100% of all subtribes except the Hypochaeridinae (with 96.77 %; 
with  one  sample  from  Prenanthes  purpurea  being  misclassified  as  member  of  the 
Lactucinae). 
 
The discrimination of  the  tribes Cardueae  and Cichorieae based on  the  studied European 




additional  characters  for  discrimination  of  single  species  and  genera.  The  secretory 
structures  can  be  classified  into  diverse  types  based  on  developmental  features,  their 
extension, and form parameters of the cells lining the ducts. 
Additional  important  characters  of  discriminative  power  –  besides  the  arrangement  and 
extension of principal tissues within the underground organs – are the presence and spatial 
position of sclereids, fibers and vessels  including the fine structure of wall thickenings and 





In  summary,  the anatomy of  the  subterranean organs allows a delimitation of  the  studied 
medicinally used  taxa  from  their close relatives, even  though discriminative characters did 
not become available for all possible species comparisons. Discrimination of species within a 
single  genus  based  on  anatomical  features  was  thus  not  possible  in  some  cases  (e.g. 
Taraxacum, Arctium, Tragopogon), yet in others it is (e.g. Scorzonera). 
 
The enlarged anatomical dataset holds strong  implications  for  the  identification of possible 
adulterations of plant drugs, which, consequently, may be avoided for the sake of safety of 
herbal drugs.  






Für  die  Identifikation  und  Reinheitsprüfungen  von  Arzneidrogen  ist  neben  chemischen 
Methoden  die  mikroskopische  Analyse  von  großer  Bedeutung  und  steht  auch  in  den 
Pharmacopoen  an  erster  Stelle. Voraussetzung  für  eine  zuverlässige Qualitätskontrolle  ist 
somit  die  detaillierte  Kenntnis  der  anatomischen  Strukturen  der  verwendeten 
Pflanzenorgane  der  einzelnen  Heilpflanzen.  Obwohl  Beschreibungen  der  wichtigsten 
Arzneidrogen vorliegen, sind deren nahe Verwandte kaum untersucht und es stellt sich die 
Frage,  ob  eine Differenzierung  zur medizinisch  genutzten  Stammpflanze möglich  ist  und 






Wissen  über  die  Wurzelstockanatomie  der  Asteraceae,  um  die  Identifizierung  bzw. 
Feststellung  von  Verfälschungen  mithilfe  einer  der  grundlegenden  Methoden  der 
Pharmakognosie – der Mikroskopie – zu ermöglichen. Die Wurzeln / Rhizome von 59 Arten 
aus 33 Gattungen / 12 Subtriben der Tribe Cardueae and Cichorieae, beinhaltend arzneilich 
genutzte Taxa  (beispielsweise Taraxacum  sp., Carlina  acaulis, Cichorium  intybus)  und deren 
nahe  Arten  bzw.  Gattungen,  wurden  mit  mikroskopischen  Methoden  analysiert  und  im 
Sinne der vergleichenden systematischen Pflanzenanatomie einander gegenübergestellt. Um 
eine  Variation  der  Merkmale  innerhalb  einer  Art  zu  berücksichtigen,  wurden  jeweils 
mehrere Belege,  sofern möglich  von  unterschiedlichen  Standorten,  untersucht  (Quer‐  und 
Längsschnitte jedes Beleges, Datenbank beinhaltend etwa 5500 Fotos). Das Pflanzenmaterial 
stammt großteils aus Eigenaufsammlungen in Österreich, Italien, Deutschland, Slowakei und 











12    verschiedenen  Berechnungsmethoden  (sich  beziehend  auf  Cluster‐Analysen  [Ward, 
Complete Linkage] und Maximum Parsimony) wurden mit den DNA‐ und mikroskopischen 
Daten  durchgeführt,  um  sie  miteinander  zu  vergleichen  und  Gemeinsamkeiten  und 
Verbindungen zwischen den einzelnen Berechnungsmethoden bzw. den Arten aufzuzeigen. 




Die Unterscheidung der  zwei Triben Cardueae  and Cichorieae  ist bei  europäischen Arten 
durch das Auftreten  von Harzgängen  (Cardueae)  einerseits und Milchröhren  (Cichorieae) 
andererseits  leicht  möglich.  Im  Unterschied  zur  bisherigen  Literatur  konnte  jedoch  das 
Auftreten  von  endodermalen  Harzgängen  bei  jungen  Wurzeln  von  Cichorium  intybus  L. 
nachgewiesen werden. 
Genauere  Untersuchungen  zur  Struktur  und  Position  der  Sekretgänge  machen  eine 
weiterführende Unterscheidung zwischen einzelnen Arten  / Gattungen möglich. Aufgrund 
der  Entstehung,  der Ausdehnung  und  der Gestalt,  der  an  die  Sekretgänge  angrenzenden 
Zellen, können die Sekretgänge / ‐behälter in verschiedene Typen unterteilt werden.  
Als  weitere  wichtige  Differenzierungsmerkmale  erwiesen  sich  neben  der  allgemeinen 
Aufteilung  der  Gewebe  u.a.  die  Präsenz  und  Lokalisation  von  Sklereiden,  Fasern  und 
Tracheen und deren Wandverstärkungen / Tüpfel. Der größte gemessene Durchmesser von 
Tracheen hingegen – obwohl in der Literatur vielfach als Identifikationsmerkmal angegeben 




Die  Anatomie  der  unterirdischen  Organe  ermöglicht  eine  eindeutige  Abgrenzung  der 
arzneilich  genutzten  Pflanzen  von  ihren  nahen  Verwandten,  wenn  auch  nicht  aller 
untersuchten  Arten  voneinander.  Innerhalb  einer  Gattung  ist  eine  weiterführende 
 4 




Differenzierung  anhand  anatomischer  Kriterien  manchmal  nicht  durchführbar  (z.  B. 
Taraxacum, Arctium, Tragopogon), manchmal hingegen durchaus (z. B. Scorzonera).  
Durch das nun erweiterte Wissen über die Anatomie bislang noch nicht untersuchter Arten,  
können  etwaige Verfälschungen  vermieden  und  dadurch  die  Sicherheit  der Verwendung 
von Arzneidrogen erhöht werden.   







represent one of  the  largest  families of plants constituting approximately 8% of all eudicot 
plants with  its  species distributed all  over  the world  except  for Antarctica  (Stevens,  2001 
onwards), many of which are popular among people since ancient times with a widespread 
use  in society as  important sources of  for various medicinal and  food purposes. Taraxacum 
officinale F.H. Wigg., Silybum marianum L. and Cichorium  intybus L. are  just a  few examples 
out  of  the  existing  diversity  with  a  long  tradition  in  both  conventional  and  traditional 
medicine all over the world (Wichtl, 2009, Kelly, 2008).  
The  plant  family  contain  12  major 
lineages  with  three  of  them 
(Asteroideae,  Cichorioideae, 
Carduoideae)  occurring  in  Western 
Europe  (Panero  and  Funk,  2008; 
Stevens,  2001  onwards)  (fig.  1).  This 
work  concentrates  on  species 
growing naturally  in Central Europe 




The  tribe  Cardueae  (=  Cynareae 
[Fischer  et  al.])  encompasses  over 
2,360  species  organized  in  73  genera 
(Susanna  and  Garcia,  2007), 
accounting  for more  than 90% of  the 
species diversity  of  the Carduoideae  (Panero  and  Funk,  2008). The  taxonomy  of  the  tribe 














































FIGURE  2: Division  of  the  tribe Cardueae  as  suggested 







(Hoffmann,  1890‐94).  This  tribal 
classification  was  subject  of 
various  discussions  in  the  past, 
e.g.  with  the  subtribe 
Echinopsinae  being  raised  to  the 
level  of  a  separate  tribe  by 
Wagenitz,  (1976).  Recently, 
Susanna  and  Garcia  (2007) 
modified  the  old  classification  of 
the Cardueae – the four subtribes 









and  /  or  apomictic  species)  (Funk  et  al,  2009).  Excluding  these  three  genera  the  tribe 
encompasses approximately 1500 species (Lack, 2007).  
Much work has been done recently regarding the Cichorieae, according to which the tribe is 
now  divided  into  eleven  subtribes:  Warioniinae,  Scorzonerinae,  Scolyminae,  Lactucinae, 
Hyoseridinae,  Crepidinae,  Hypochaeridinae,  Chondrillinae,  Hieraciinae,  Microseridinae, 
Cichoriinae –  in comparison to the classification of Bremer (1994) and Lack (2007) two new 
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old  as  mankind.  Both  in 
conventional  and  traditional 
medicine,  the  diverse  plant 
organs  are  used  in  varying 
formulations,  usually  originating 
from  the  cutted  or  powdered 
drug. Besides  chemical  analytical 
techniques, eg chromatographical 
fingerprints,  the  identification  of 
drugs  is  mainly  done  by 
microscopic means as anatomical 
structures  of  plants  are  widely 
unchangeable  and  provide 
reliable  features  for  required 
purity  and  quality  control  and 
thus,  are  required  in  the  official 
pharmacopoeas  (e.g.  OEAB, 
2009). Furthermore,  light 










































this  subject dates back  to  the  second half of  the  19th  century  and deals with  the  secretory 
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Secretory  structures  are  common  anatomical  features  throughout  the  plant  kingdom  and 
may  occur  in  various  plant  organs. Whereas  articulated  anastomosing  laticifers  (e.g. well 
known of Taraxacum sp.) are  typical  for  the Cichorioideae,  for  the  tribe Cardueae – among 
European  species  –  endodermal  resin  ducts  within  their  subterranean  organs  are 
characteristic (Van Tieghem, 1883; Col, 1903; Solereder, 1908).   They result from a doubling 
of  the endodermal cells,  thus  forming  intercellular spaces which may widen  further by  the 
divisions of the surrounding cells (schizolysigenous development) (Van Tieghem, 1883; Van 
Vuillemin, 1884; Van Tieghem, 1884). Yet not belonging  to  the  tribe Cardueae but  instead 
Cichorieae,  in  literature,  the doubling of  the endodermis  is also described  for  the  roots of 








especially  of  leaves  and  shoots  and  the  transition  between  root  and  shoot  –  have  been 
intensively  studied  (Col,  1903; Col,  1904),  respective  comparative  studies  on  subterranean 
organs  are  rare.  Some  literature  deal with  the  resin  ducts  and  cavities  of  single  species 
(amongst  others:  Ragonese,  1988;  Melo‐de‐Pinna  and  Menezes,  2002;  Hayashi  and 
Appezzato‐da‐Gloria, 2007). Melo‐de‐Pinna  (2002)  listed about 50 species of  the Asteraceae 
studied for the position of secretory ducts in the roots, Appezzato‐da‐Gloria et al. (2008) and 
Cury and Appezzato‐da‐Glória (2009) investigated 13 additional taxa. Nevertheless, species 
occurring  in Western Europe and  interesting with  respect  to  their use  in medicine are not 
covered and  their anatomy  is  still  insufficiently described as  the existing  studies were not 
targeted at a pharmaceutically useful discrimination between the taxa. 
Information concerning  the anatomy of  the Cichorieae  is even  rarer. A  single comparative 
study  (Länger, 1990) deals with  the  roots of  the medicinally used  taxa Taraxacum  officinale 
and  their  differentiation  to  some  related  species  (Leontodon  sp.,  Aposeris  foetida  and 
Hypochaeris sp.). Important thereby showed to be the presence or lack of libriform fibers and 
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Thus,  as  a  broader  knowledge  of  the  root  anatomy  of  the Asteraceae would  be useful  to 
pharmaceutical practise for the identification of drugs and required purity tests, within this 
research  the  subterranean  organs  of  59  species  out  of  33  genera  of  the  Cardueae  and 
Cichorieae  have  been  examined  (appendix  I:  list  of  all  examined  species with  collection 
history;  appendix  II:  anatomical  descriptions  of  all  investigated  taxa)  and  a  database  of 
anatomical  characters has been  created.  Intraspecific variation was  carefully  considered  in 
order  to  identify  reliable  taxonomically  informative  characters.  Based  on  these  results, 
characters  useful  for  the  discrimination  of  the  analysed  species were  extracted  aiming  to 




In  addition,  the  anatomical  features  were  connected  with  molecular  data  available  of 



















In  the  scope  of  this  study,  59  species  out  of  33  genera  /  12  subtribes  of  the  two  tribes 
Cardueae  and  Cichorieae  have  been  examined  by  means  of  light  and  fluorescence 





Dumort. This study emphasizes  the affiliation of Prenanthes  to  the Lactucinae Dumort. on 
behalf of the anatomical features (paper V). 
 
In  the course of  the work,  the occurrence of  interxylary cork could be observed within  the 
two  taxa  Saussurea  discolor DC.  and  S.  pygmaea  Spreng.  Both  species  develop  a  periderm 





The  discrimination  between  the  tribes Cardueae  and Cichorieae  (regarding  taxa  growing 
naturally  in  Austria),  is  particularly  possible  due  to  the  occurrence  of  secretory  ducts 
(Cardueae)  and  lactifers  (Cichorieae),  although  it  could  be  shown  that,  in  contrast  to 
published  literature,  in Cichorium  intybus, which  is  said  to  just develop  a doubling  of  the 
endodermis  without  the  development  of  ducts  (Van  Tieghem,  1883;  Solereder,  1908), 
endodermal  resin  ducts  may  occur  within  young  roots.  Detailed  examinations  of  the 
structure and spatial location of the secretory ducts of the Cardueae provided new features 
for a differentiation between the species (paper II). Especially the ducts within the secondary 








the  lumen of  the secretory ducts  (C1) divided by  the  length of adjacent cells  (C2)],  the 
ducts are divided into two categories:  
SD1: average quotient C1:C2 of < 0.3 




• Secretory  ducts  of  type  SD4:  Actually,  SD4  are  not  ducts  in  the  common  sense  but 
intercellular  spaces  filled  with  more  or  less  unknown  substances  secreted  by  the 





With  the  help  of  this  classification,  the  separation  of  the  12  investigated  genera  of  the 
Cardueae  is  more  or  less  evident  but  not  possible  in  all  cases.  However,  the  secretory 
structures  showed  to  be  very  important  in  this  context,  although  additional  anatomical 
features are necessary for a complete discrimination between all examined genera. 
 
Important  characters  of  discriminative  value  ‐  besides  the  arrangement  and  extension  of 
principal tissues within the underground organs and besides the diverse secretory structures 
discussed  above  ‐  are  the  tissue‐dependent  occurrence  of  sclereids  and  fibers  and  the 




the  root  to 113  μm 1.5  cm below  the hypocotyle), and  can only be  referred  to  if  the exact 
position  along  the  root  axis  and  the  developmental  stage  of  the  analysed  root  sample  is 
defined. Furthermore,  a  possible  influence  of  varying  preparation  methods  on  the 
dimensions has to be kept in mind.  
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and  Tragopogon  can  be  clearly  discriminated  from  the  other  genera  examined. A  further 
differentiation  within  the  single  genera,  however,  is  thus  not  possible.  On  the  contrary 
though, members of other genera can be further discriminated by using diverse anatomical 




are  important  for  the  identification  of medicinally  used  herbs  and  purity  controls  in  the 
pharmaceutical  industry.  Adulterations  may  be  avoided  and  the  safety  of  herbal  drugs 
increased.  






















Systematics  in  Cranichidinae,  Prescottinae  and  SPiranthinae  (Orchidaceae,  Cranichideae. 
Annals of Botany 101: 509‐520. 
 
FISCHER  MA,  OSWALD  K,  ADLER  W.  2008.  Exkursionsflora  für  Österreich,  Liechtenstein  und 
Südtirol. 3rd ed. Austria: OÖ Landesmuseen, Land Oberösterreich. 
 




Comparative anatomical studies of medicinally used drugs of the Asteraceae and their possible adulterations                                    References   
_________________________________________________________________________________________ 
 




HOHMANN  B,  REHER  G,  STAHL‐BISKUP  E.  2001.  Mikroskopische  Drogenmonographien  der 
deutschsprachigen Arzneibücher. Wissenschaftliche Verlagsgesellschaft mbH, Stuttgart. 
 
















































WAGENITZ  G.  1976.  Systematics  and  phylogeny  of  the  Compositae  (Asteraceae).  Plant 
Systematics and Evolution 125: 29‐46. 
 
















ELISABETH  FRITZ,  JOHANNES  SAUKEL  (published).  Secretory  structures  of  subterranean 




ELISABETH  FRITZ,  JOHANNES  SAUKEL  (published).  Anatomy  of  subterranean  organs  of 




ELISABETH  FRITZ,  JOHANNES  SAUKEL  (published).  Microscopical  discrimination  of  the 















ELISABETH  FRITZ,  JOHANNES  SAUKEL.  2009.  Investigations  of  the  underground  parts  of 
medicinally  used  plants  and  possible  adulterations  of  various  Cardueae  and  Cichorieae 
(poster). 57th  International Congress and Annual Meeting of  the Society of Medicinal Plant 
and  Natural  Product  Research.  16.‐20.  August:  Geneva.  Planta  Med 9  (75): PG30
 18





















Comparative anatomical studies of medicinally used drugs of the Asteraceae and their possible adulterations                                         Paper II   
_________________________________________________________________________________________ 
Acta Biologica Cracoviensia, Vol. 53, 1, 2011 
 
Secretory structures of subterranean organs of some species of the 
Cardueae and their value for discrimination 
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Running title: Secretory structures of the Cardueae 
 





Secretory ducts and cavities of the roots and rhizomes are typical features of the tribe 
Cardueae from the Asteraceae family. Within this study, the anatomy of the subterranean 
organs of 21 species out of 13 genera of the Cardueae was analysed by means of light 
microscopy. Particular attention was spent to the secretory system, which was interpreted in a 
taxonomic context. Secretory ducts were of particular variable anatomy. A new measurement, 
the quotient of C1 [length of the epithelial cells (longitudinal section)] and C2 [length of 
adjacent cells (longitudinal section)], was established. Different types of ducts are described 
based on the type of their development and the size ratios among epithelial cells. Detailed 
anatomical descriptions of the defined ducts together with their taxonomic occurrence are 
provided. The combined presence of the various secretory ducts within single species and 
their spatial position relative to other prominent anatomical features provided valuable 
characters to discriminate among the studied Cardueae species. These analyses are of 
particular interest to the identification of herbal drugs, as light microscopy, besides chemical 
analytical techniques, e.g. chromatographical fingerprints, is a common method for purity 




The Asteraceae are among the largest families of flowering plants comprising more than      
23 000 species and about 1 600 genera (Jeffrey, 2007). Numerous species such as Taraxacum 
officinale (L.) Weber, Cichorium intybus L., Carlina acaulis L. and Silybum marianum L., to 
mention only a few, are well known for their use in both traditional and western medicine 
(Wichtl, 2009). The tribe Cardueae thereby comprises over 2 360 species organized in 73 
genera (Susanna and Garcia-Jacas, 2007), thus holding some of the largest genera of the 
Asteraceae. 
The Asteraceae – and therefore the Cardueae - are particularly rich in internal secretory 
tissues. Secretory ducts or canals and secretory cavities are widespread anatomical structures 
within the plant kingdom and occur in almost all plant organs. They are either initiated by 
mechanical injury (Fahn, 1988) – so called induced or traumatic ducts or cavities – or are 
formed without external stimulus. Ducts are usually orientated parallel to the longitudinal axis 
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of the organ whereas cavities possess an irregular lumen of no prevalent extension (Nair, 
1995; Col, 1904). 
In literature, three developmental types are distinguished (Nair, 1995, Evert, 2006): 
• The schizogenous type originates from the dissolution of the middle lamella of duct 
initials, resulting in the formation of an intercellular space. The cells may further divide 
and become the epithelial cells.  
• The formation of ducts or cavities through dissolution and autolysis of entire cells which 
release their content into the resultant space (holocrine secretion) is known as lysigenous 
development.  
• Schizolysigenous canals result from a combination of the two processes with an initial 
schizogenous development followed by lysigenous widening of the duct lumen.  
 
Characteristic for the Cardueae – among European species – are their endodermal resin ducts 
within their roots and rhizomes (Van Tieghem, 1883; Col, 1903; Solereder, 1908). 
Endodermal resin ducts emerge from the endodermis by doubling of the endodermal cells thus 
forming an intercellular space (schizolysigenous development). In shoot axis or leaves the 
endodermal resin ducts may be surrounded by special cells smaller in size compared to the 
endodermal cells. In roots, in contrast, the ducts emerge directly from the endodermis without 
such specialised surrounding cells (Van Tieghem, 1883; Van Vuillemin, 1884; Van Tieghem, 
1884). The ducts can widen by further divisions of the surrounding cells. This kind of 
secretory duct may occur in the shoot axis and in leaves but always within the root of all 
species of the Cardueae. Interestingly, the doubling of the endodermis, though without 
formation of ducts, was also found in the tribe Cichorieae within the subterranean parts of 
Cichorium intybus L., Lapsana communis L. and Podospermum laciniatum (L.) DC. although 
within that tribe, endodermal resin ducts don’t exist (Van Tieghem, 1883; Solereder, 1908).  
 
Additionally to the mentioned endodermal resin ducts, various species of the Cardueae may 
develop schizogenous secretory ducts within the pith and the cortex. Moreover, ducts can be 
found within secondary tissues as described from Carlina acaulis L. and Centaurea 
atropurpurea Waldst. & Kit. by Col (1903). Echinops exaltatus Schrad. possesses resin cells 
in the secondary phloem (Solereder, 1908). 
 
In general, comparative taxonomic studies on ducts and cavities are rare (review article of 
Pickard, 2008). Most literature deals with the development of the diverse secretory reservoirs 
of single species (e.g. Bennici and Tani, 2004) or concentrates on conifers and legumes as 
their gumresins or resins are of commercial importance (Hong Wu and Zheng-hai Hu, 1997; 
Rodrigues and Machado, 2009; Bollschweiler et al., 2008 etc.). Concerning the Cardueae, the 
former literature mainly deals with the occurrence of secretory ducts or cavities on aerial 
organs, especially of leaves and shoots and the transition between root and shoot (Col, 1903; 
Col, 1904). Details on the structure of the ducts and cavities of the subterranean parts have 
been neglected and there exist only a few published studies regarding this subject (amongst 
others: Ragonese, 1988; Melo-de-Pinna and Menezes, 2002; Hayashi and Appezzato-da-
Gloria, 2007) which deal with single species. Comparative studies are largely missing. Melo-
de-Pinna (2002) listed about 50 species of the Asteraceae studied for the position of secretory 
canals in the roots. Appezzato-da-Gloria (2008) and Cury and Appezzato-da-Glória (2009) 
investigated the secretory structures of 13 additional Asteraceae species.  
 
The limited knowledge on the root anatomy of the Asteraceae is particularly troublesome to 
pharmaceutical research and practise, as the identification of root drugs and required purity 
tests, apart from chemical analytical techniques, strongly rely on accurate discriminative 
anatomical characters. In scope of a study (Fritz  and Saukel, unpubl) we aim to clarify, if 
 24
Comparative anatomical studies of medicinally used drugs of the Asteraceae and their possible adulterations                                         Paper II   
_________________________________________________________________________________________ 
pharmaceutically used Asteraceae species can be anatomically discriminated by means of 
light microscopy and thereby the purity of a declared drug guaranteed. 56 species out of 
thirty-three genera of the Cardueae and Cichorieae have been examined and a database of 
anatomical characters created. In the present work the focus is laid on the anatomy of the 
secretory structures only, with the intention to get additional features for discrimination 
between single species and thus, possible herbal drugs. The work concentrates on the formerly 
and currently medicinally used species Carlina acaulis L., C. vulgaris L., Arctium lappa L. 
and A. tomentosum Mill. (among others: Saric-Kundalic et al., 2010, Berger, 1960, Gerlach et 
al., 2006) and their relatives comprising diverse taxa of all subtribes of the Cardueae 
(Echinopsidinae, Carlininae, Carduineae, Centaureineae [Susanna & Garcia-Jacas, 2009]) 
occurring in Austria (country of investigation) according to Fischer et al. (2008).  
In addition, though not belonging to the Cardueae but instead to the tribe Cichorieae, the roots 
of Cichorium intybus L. as a representative for a species exhibiting the doubling of the 
endodermal cells but with secretory canals missing (see above), have been examined. 
  
 
MATERIAL AND METHODS 
Plant Material 
The plant material comprised 21 Cardueae species naturally occurring in Austria (table 1, 
taxonomy follows Fischer et al., 2008). One to four accessions were studied per single species 
and the anatomy of three to six specimens per accession analysed. Taxa were chosen 
respectively to their medicinal use and their role as possible adulterations. Fully development 
roots and rhizomes were collected during or following anthesis.  
 
Vouchers are deposited in the herbarium of the Department of Pharmacognosy, University of 
Vienna (WUP). The plant material was taxonomically determined using floristic treatments 
covering the sampled geographic areas (Fischer, Oswald, Adler, 2008; Pawłowskiego and 
Jasiewicza, 1972; Szafer et al., 1976; Lauber and Wagner, 2007).  
 
 
TABLE 1. List of species examined (plants arranged accordingly to Fischer et al., 2008); Plant material collected 
by Elisabeth Fritz (E.F.), Christoph Dobeš (C.D.), Johannes Saukel (J.S.), Valerie Klatte-Asselmeyer (V.K.), 













E. sphaerocephalus L. 
 
Austria, Vienna, E.F.  
-, Lower Austria, Tullnerbach, E.F. 
-, -, Karnabrunn, C.D. 
-, Tyrol, Fließ, V.K. 
 
Carlina C. acaulis L. -, Vienna, E.F.  
Germany, Baden-Württemberg, Schwäbische Alb, 
Herbarium of Hohenack, Nr. 652  
 
 C. vulgaris L. Poland, Gutkowo, Olsztyn, E.F. 
 
Arctium A. lappa L. Austria, Vienna, E.F. 
 
 A. tomentosum Mill. 
 
-, Lower Austria, Traiskirchen, E.F. 
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Saussurea S. discolor (Willd.) DC. -, Carinthia, Lesachtal, J.S. 
 
 S. pygmaea (Jacq.) Spr. -, Styria, Schneealpe, E.F. 
 
Jurinea J. mollis Rchb. -, Vienna, E.F. 
-, Burgenland, Winden, J.S. 
 
Carduus C. personata (L.) Jacq. -, Styria, Schneealpe, E.F. 
 
 C. defloratus L. 
(C. crassifolius Willd.) 
-, Lower Austria, Gippel, C.D. 
-, -, Araburg castle, E.F. 
 
Cirsium C. arvense (L.) Scop. -, Vienna, E.F. 
Slovakia, Modra, S.F.  
USA, New York, Peekskill, Planta America 
Septentrionalis, Le Roy  
 
 C. vulgare (Savi) Ten. Poland, Gutkowo, Olsztyn, E.F. 
 
 C. erisithales (Jacq.) Scop. Austria, Styria, Schneealpe, E.F. 
 
Onopordum O. acanthium L. -, Lower Austria, Buchberg, W.L.  
Italy, Southern Tyrol, Vinschgau, C.D. 
 
Silybum S. marianum (L.) Gaertn. Austria, Lower Austria, Buchberg, W.L. 
Slovakia, Botanical Garden of Bratislava, S.F.  
 
Serratula S. tinctoria L. Austria, Vienna, J.S. 
 
Rhaponticum R. scariosum Lam. Liechtenstein, Saminatal, G.S. 
 
Centaurea C. jacea L. Austria, Karnabrunn, C.D. 
-, Vienna, E.F.  
 
 C. scabiosa L. -, Vienna, J.S. 
Poland, Gutkowo, Olsztyn, E.F. 
Switzerland, Graubünden, Lavin, C.D. 
 
 C. cyanus L. 
(= Cyanus segetum Hill., 
Fischer et al., 2008) 
Austria, Vienna, E.F. 
Germany, Baden-Württemberg, Kronau, C.D.  
Poland, Mazury, Zabie, E.F. 
 
 C. montana L. 
(= Cyanus montanus Hill., 
Fischer et al., 2008) 
 
Austria, Lower Austria, Unterberg, E.F. 
Slovakia, Modra, S.F.  
Cnicus C. benedictus L. Austria, Vienna, Botanical Garden of the 






C. intybus L. Austria, Vienna, Botanical Garden of the 
Department of Pharmacognosy, University of 
Vienna: seeds of the Botanical Garden Berlin-
Dahlem: DE-0-B-2003105: Brandenburg, Kreis 
Havelland, Falkensee, leg. Dürbye 3090 
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Anatomical analysis 
The samples were examined by means of light microscopy. For preparation, the following 
variation of a traditional method of the University of Vienna was used: The desiccated roots 
were boiled in water for 10 minutes to soften the tissue and subsequently submersed in 96% 
ethanol for dehydration. After evaporating the alcohol for a few minutes, transverse and 
longitudinal sections were obtained by free hand sectioning about 1.5 cm below the 
hypocotyle as this position proofed to provide the best information about the root anatomy. 
Sections were embedded in few drops of chloral hydrate (60% in water) and examined using a 
Nikon Optiphot–2 light microscope equipped with a Samsung Digimax V50 Digital Camera.  
 
 
The following statistic measure was 
calculated: length of the cells (longitudinal 
section) surrounding the lumen of the 
secretory ducts (C1) divided by the length 
of adjacent cells (C2) (fig. 1). Calculations 
were done using the software package 
Statistica®.   
 
Additionally, seeds of Cichorium intybus L. 
were cultivated in the garden to observe 
one species with a doubling of the 
endodermis without formation of 
endodermal resin ducts as cited in literature 
(Van Tieghem, 1883). First sections were 
made at the appearance of the first rosette 
of leafs and repeated after 3 weeks. 
 
 
  Fig. 1: Secretory duct showing an inner and outer 
layer of epithel cells which conspicuously differ in 
length. The measures C1 and C2 were used to 





Within the number of species successfully analysed, three principal types of secretory tissue 
were identified: endodermal resin ducts, secretory ducts and secretory cavities.  
The secretory structures were not equally distributed among the studied species. While the 
endodermal resin ducts are ubiquitous features, secretory ducts were observed in a subset of 
the species only and showed additional variation among taxa by differentiation into five 
anatomical types. These types could further be found in combination or alone thus that single 
species were characterised by the presence of one or more types of secretory ducts and their 
position relative to each other and / or to prominent anatomical elements.  
 
Endodermal Resin Ducts (endoSD) 
Due to the fact that all species of the tribe Cardueae contain endoSDs within their roots and 
rhizomes (Van Tieghem, 1883; Col, 1903; Solereder, 1908), usually, this kind of duct was 
considered to be of no taxonomic value. Still, some distinction between single species can be 
made based on the endoSDs. Particularly, the size of the duct in comparison to the cells of the 
surrounding cortex (transverse section) turned out to be important. Jurinea mollis Rchb. may 
serve as an example for endodermal resin ducts of a diameter multiple of the size of the 
surrounding parenchyma cells (fig. 2A,B). As Jurinea mollis possesses an enduring cortex, 
the endoSDs provide a permanent feature for the recognition of this species. Likewise, 
Carlina acaulis develops endoSDs with an outstanding large diameter. Since the cortex gets 
lost in course of rhytidome formation, the value as differentiation character of the endoSDs 
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for this species is of less importance. However, the secretory ducts of other tissues than the 
cortex alternatively can be taken into account. 
 
Other species examined in this study, which can be characterised to some extent by the 
endoSDs, are Onopordum acanthium L., Centaurea jacea L., Centaurea cyanus L., and 
Serratula tinctoria L.. While these species could not be discriminated based on the diameter 
of the duct, the number of the surrounding cells forming the lumen (transverse section) may 
be decisive. Thus, in fully developed roots, the number of cells lining the ducts of C. cyanus 
is usually up to 10 at maximum, up to 6-7 in C. jacea, and up to 6 in Onopordum acanthium. 
Within Serratula tinctoria, endoSDs with a small lumen with usually only four surrounding 
cells (fig. 2C, D) do occur, as this species possesses a fibrous root system which roots don’t 
develop secondary growth. 
 
 
       
   
 
Fig. 2: Endodermal resin ducts of (A,B) Jurinea mollis, (C) Onopordum acanthium, (D) Serratula tinctoria 




Regarding the doubling of the endodermis without formation of secretory structures, 
interestingly, our studies document the formation of endodermal resin ducts within the roots 
of Cichorium intybus at an early state of growth which vanish with the beginning of 
secondary growth. Secretory canals could be observed when the plant gets their first rosette of 





Comparative anatomical studies of medicinally used drugs of the Asteraceae and their possible adulterations                                         Paper II   
_________________________________________________________________________________________ 
    
 
Fig. 3: (A) Cichorium intybus, cultivated in the garden: habitus, first rosette of leafs developed, (B) Resin ducts 
observed in the root of the plant shown in (A)  




Other Secretory Ducts (SD) 
Many species of the Cardueae don’t 
possess SDs but endoSDs (e.g. Arctium 
lappa L., Cirsium erisithales (Jacq.) Scop., 
Onopordum acanthium, etc.). Others, 
though, can develop further ducts or 
cavities within the cortex, the pith or 
secondary tissues. Here we provide a new 
classification of the SDs of the Cardueae 
based on anatomical features (fig. 4): 
 
     1. Secretory duct types SD1 and SD2:  
Both, type SD1 and type SD2, are of 
schizogenous origin. According to the 
quotient of C1:C2 (see Material and 
Methods, fig. 1), the ducts investigated in 
this study, can clearly be divided into two 
categories:  
• Within the first group, the plants 
develop ducts with characteristic 
epithelial cells much smaller in length 
than the other cells of the tissue and an 
average quotient C1:C2 of <0.3 
(secretory ducts of type SD1). 
• Within the second category (secretory 
ducts of type SD2), the quotient C1:C2 
exceeds 0.4. Our results further suggest a division of this second category by the C1:C2-
quotient with one group of ducts of an average quotient of > 0.8 (e.g., Saussurea sp. (0.88-
1.07), ducts of the rhizome of Cirsium arvense (L.) Scop. (0.81-1.17) located at the border 
 
    
 
Fig. 4: Overview of the 4 types of secretory ducts 
occurring in the vascular cylinder 
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between vascular bundle and pith), type SD2b (Fig. 6e-h), and a second group with a 
quotient of 0.4 to 0.7 (e.g., Centaurea jacea (0.58-0.7), Rhaponticum scariosum Lam. 
(0.49-0.7)), type SD2a. For demonstrating that these data are of actual value, a scatterplot  
is added (fig. 5) which shows that the formation of the diverse types of ducts is likely to 
be based on different legalities (Saukel, 1984). Additional studies have to show if the 
differentiation within the second category can be justified.  
 
Three species examined in this study possess ducts of type SD1.  
Centaurea montana L. develops secretory ducts of type SD1 (0.24-0.27) which appear to 
possess a colourless content and always can be found within the secondary phloem close to 
the endodermis (fig. 6A-D). Ducts of both types occur in Centaurea scabiosa L. (0.98-0.99; 
0.22-0.64) in which case they are fascicularly positioned between the phloem rays forming a 
triangular pattern around secretory ducts of type SD3 (see below). 
 
In contrast to C. montana and C. 
scabiosa, Centaurea cyanus and C. 
jacea don’t possess ducts of type SD1 
but SD2 (C. jacea additionally SD4 – 
see below). Hence, the four studied 
Centaurea species can be 
distinguished based on their secretory 
ducts, particularly if the C1:C2-
quotient is taken into account (C1:C2 
= 1–1.01 in C. cyanus, 0.58–0.7 in C. 
jacea). 
 
Within Carlina acaulis, ducts of a 
multiple of the diameter of the 
surrounding parenchyma cells were 
observed. The ducts were located in 
the medullary rays and in the phloem 
rays. Although C. acaulis shows ducts 
not only of type SD1 but of SD2a as 
well, they may serve to discriminate against C. vulgaris as within the roots of this species 
ducts of type SD1 cannot be found (C1:C2-ratio of C. acaulis: 0.24-0.4:, C. vulgaris: 0.48-
0.62).  
 
Fig. 5: Scatterplot C1 (x-axis) against C2 (y-axis) of different 
types of secretory ducts (SD1, SD2a, SD2b) with schizogenous 
origin occurring within the vascular cylinder 
 
 
Rhaponticum scariosum possesses ducts of type SD2a circularly arranged located in 
fascicular position in the secondary phloem and the secondary xylem. This taxon differs from 
all other species investigated and provides an example which underpins the importance of the 
actual position of ducts. 
 
2. Secretory ducts of type SD3 (fig. 7A, B) have a lysigenous development and can easily 
be distinguished from SD1 and SD2. Occurring in Centaurea scabiosa, the ducts are located 
in fascicular position within the phloem between the rays, they develop large inner diameters 
with remnants of the cells being found in the lumen. They may occupy the whole space from 
one phloem ray to the next (recognizable in both transverse and longitudinal section). 
 
         
 30




Fig. 6: (A-D) Secretory ducts of type SD1 in Centaurea montana, (E-H) Secretory ducts of type SD2b in 
Cirsium arvense; 
A,C,E,G: transverse sections, B,D,F,H: longitudinal sections; Bar = 50µm 
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3. Secretory structures of type SD4 are not quite ducts but ordinary intercellular spaces, 
filled by various, more or less unkown substances secreted by the parenchyma cells (fig. 7C-
F, recognizable in longitudinal section). At the first sight though, in transverse section, SD4 
may appear like ducts and for this reason, they are included in this paper. Within Centaurea 
jacea, SD4 seems to be a matter of phytomelanin-coated cells with numerous pit channels. 
Similar structures are shown by Upton et al. (2011) in Parthenium integrifolium L., 
Echinacea angustifolia DC.. The phytomelanin is always associated with sclereids located in 
the cortex, secondary phloem (in fascicular and interfascicular position) and pith (of the root 
and rhizome).  
 
        
 
 
Fig. 7: (A,B) Secretory ducts of type SD3 of Centaurea scabiosa, (C-F) Secretory ducts of type (phytomelanin-
coated cells) (SD4) of Centaurea montana (C,D), of Centaurea jacea (E,F); 
A,C,E: transverse sections, B,D,F: longitudinal sections; Bar = 50µm 
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SD4 may be also found in any tissue of Centaurea montana, though the chemical nature of 
the substance found within the intercellular spaces is questionable as the light brown colour 
doesn’t correlate with the brown-to-black phytomelanin. 
For the present question of the analysis of anatomical structures though, not the chemical 
composition but the visual nature is relevant.  
 
Secretory cavities (SC) 
Of all the examined taxa, secretory cavities were absent in all species but Echinops 
sphaerocephalus. Cavities could be found in fascicular position within the secondary phloem 
and secondary xylem. 
 
An overview of the occurrence of the various types of ducts and cavities observed in the 




Fig. 8 presents a scatterplot demonstrating the results of a discriminant analysis of the 
database (188 investigated samples, 93 features; Fritz & Saukel, unpubl.) using only features 
concerning secretory structures (23 characters): the dimension of the endoSDs and their 
number of endothelial cells (4, >4), the presence of SD1, SD2, SD3, SD4 and secretory 
cavities and their location within the root (tissue; fascicular / interfascicular). The separation 
of the 12 genera is more or less evident. If the calculation is done with all anatomical 
characters (38) regarding the Cardueae, a complete discrimination between all examined 
genera is possible but among the other features, the secretory structures showed to be very 





Fig. 8: scatterplot of a discriminant analysis (using Statistica®) 
using only features concerning secretory structures (23 characters)  
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TABLE 2. Overview of the occurrence of the various types of secretory ducts or cavities within roots and 
rhizomes of Cardueae species 
+ = secretory structure exists 
+ → -  = endodermal resin ducts lost in consequence of formation of rhytidome;  




SPECIES endoSD SD1 SD2a SD2b SD3 SD4 sec.cav position of SD 
Echinops 
sphaerocephalus +          + 
interfasc. in sec. phloem, 
medullary rays 
Carlina acaulis 
 + → - + +         
interfasc. in sec. phloem, 
medullary rays 
Carlina vulgaris +   +        sec. phloem 
Arctium lappa + → -            - 
Arctium tomentosum + → -       - 
Saussurea discolor + → -    +       sec. phloem 
Saussurea pygmaea + → -    +       sec. phloem 
Jurinea mollis +            - 
Carduus personata + → -            - 
Carduus defloratus  + → -            - 
Cirsium arvense 
 + → -    +       
in the pith at the border 
to xylem 
Cirsium vulgare + → -            - 
Cirsium erisithales + → -            - 
Onopordum 
acanthium +            - 
Silybum marianum + → -            - 
Serratula tinctoria +            - 
Rhaponticum 
scariosum +   +        




 +   +   +   
SD2: sec. phloem 
SD4: cortex, sec. 
phloem, pith 
Centaurea scabiosa + → - + +  + +     fasc. in sec. phloem   
Centaurea montana 
 + +      +   
SD1: sec. phloem, pith 
SD4: cortex, phloem, 
wood 
Centaurea cyanus +    +       fasc. in sec. phloem 
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DISCUSSION 
The secretory system, particularly the ducts within the secondary tissues of the roots and 
rhizomes, showed considerable differentiation among the studied Cardueae species. The 
anatomy and spatial position of secretory canals relative to prominent anatomical elements 
such as vascular bundles (e.g., facing the vascular bundle: Centaurea scabiosa, or having an 
interfascicular position: Carlina acaulis) provide valuable characters to discriminate the 
subterranean parts of species. Furthermore, the secretory ducts of type SD2 can be classified 
based on the C1:C2-quotient as exemplified by the genera Centaurea and Carlina. This is of 
special interest in case of Carlina, as the roots of the medicinally important C. acaulis may be 
sufficiently characterised based on SD-types.  The herbal drugs of Carlina acaulis and 
Carlina vulgaris can be differentiated easily from each other and clearly stand out from the 
other examined species. Future studies covering more species and individuals have to verify if 
a discrimination based on this feature can be justified and extended to other relatives.  
In contrast, the new classification of secretory ducts doesn’t provide characters for the 
discrimination of the medicinally used species Arctium lappa and A. tomentosum,. Due to the 
general presence of endodermal resin ducts within the subterranean organs of the Cardueae 
(Van Tieghem, 1883; Col, 1903; Solereder, 1908), the endoSDs being without remarkable 
specifics and the roots without further secretory ducts, the species of this genus cannot be 
distinguished. 
The secretory ducts of type SD4 of Centaurea jacea seem likely to be phytomelanin-coated 
sclereids similar to e.g. Parthenium integrifolium L. and Echinacea angustifolia DC. (Upton 
et al., 2011). As Phytomelanin has a dark brown to black colour (Pandey & Dhakal, 2001), it 
is questionable if it is identical to the light brown substance that fills the intercellular spaces 
of Centaurea montana.  
Secretory cavities are a further type of secretory tissue occurring within the roots of Cardueae 
as reported by Col (1904) for Echinops sphaerocephalus L. and Carlina acaulis. Our studies 
confirm the existence of SCs in Echinops but SDs are found in the roots of Carlina.  
The secretory system alone cannot be used to distinguish among all taxa studied as visible in 
our disciminant analysis, but constitute important additional anatomical characters.  
 
Additionally to the secretory structures of the Cardueae, the subterranean parts of Cichorium 
intybus as a member of the tribe Cichorieae, which is not supposed to carry secretory ducts, 
has been investigated. In contrast to earlier results (Van Tieghem, 1883, Solereder 1904) that 
report C. intybus, Lapsana communis and Podospermum laciniatum (Cichorieae) to exhibit 
just the doubling of the endodermis with secretory canals missing, endodermal resin ducts can 
be found in C. intybus at an early age of the root. Since the doubling of the endodermal cells 
is similar in all three of the mentioned species, resin ducts may occur in young roots of 
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Anatomical Features suitable for Phylogenetic Research? 




Taxonomy mainly relies on micro- and macro-morphology, karyology, DNA-molecular 
variation and a limited number of microscopic characters such as pollen anatomy or stomata 
length. This study, in contrast, estimates the taxonomic value of the anatomy of the roots and 
rhizomes of 59 species and 12 subtribes of the Cardueae and Cichorieae and compares the 
anatomy to a nuclear ribosomal DNA sequence-based phylogenetic reconstruction of the 
tribes. The subterranean organs were analysed by means of light microscopy, supplying a 
databank of typical anatomical characters. Based hereupon, a binary decision tree to show the 
separabilities of the species based on the anatomical characters coded as binary variables is 
presented. Furthermore, a discriminant function analysis (DFA) was performed. Using 
successive canonical roots, accessions clustered – except one sample – according to their 
subtribal affiliation. A novel method for the comparison of different categorical information 
about group membership of OTU´s (CLUST_META) is presented.  
 
INTRODUCTION 
The Asteraceae, the sunflower family, represent one of the largest families of plants 
comprising more than 23,000 species and about 1,600 genera (Jeffrey, 2007). The plant 
family is currently divided into 12 subfamilies, three of which (Asteroideae, Cichorioideae, 
Carduoideae) occur in Europe (Panero & Funk, 2008; Stevens, 2001). This study concentrates 
on native Central European representatives of the tribes Cardueae (Carduoideae) and 
Cichorieae (Cichorioideae). 
 
In the last few years much phylogenetic work on Asteraceae was carried out, resulting in 
many taxonomical changes.  
The Cardueae comprises over 2,360 species organized in 73 genera (Susanna & Garcia-Jacas, 
2007). The tribe exhibits a conspicuous morphological diversity and holds some of the most 
species-rich genera of the Asteraceae. Traditionally, the Cardueae were divided into four 
subtribes: Echinopsinae, Carlininae, Carduinae, Centaureinae. However, this tribal 
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classification was diversely discussed in the past (Susanna & Garcia-Jacas, 2009), e.g. the 
subtribe Echinopsinae was classified as a separate tribe by Wagenitz (1976). After various 
taxonomic rearrangements, recently, a new classification of the Cardueae comprising five 
subtribes – the four subtribes mentioned above plus the fifth subtribe Cardopatiinae – was 
suggested (Susanna and Garcia-Jacas, 2007).  
The tribe Cichorieae includes about 93 genera. The reported species numbers, however, differ 
widely due to the numerous hybrid species and agamospecies described for the genera 
Hieracium, Pilosella, and Taraxacum (Kilian et al., 2009). These taxonomically diverse 
genera excluded, the tribe comprises approximately 1,500 species. Based on a recent 
molecular study, the Cichorieae are divided into eleven subtribes, eight of which have been 
included in this study: Scorzonerinae, Lactucinae, Hyoseridinae, Crepidinae, 
Hypochaeridinae, Chondrillinae, Hieraciinae, and Cichoriinae (Kilian et al., 2009). 
The taxonomy is mainly based on morphology, karyology and DNA-molecular data (e.g. 
Stebbins, 1953, Saukel & Länger, 1990, Guo et al, 2008, Garcia-Jacas et al., 2002, Sánchez-
Jiménez et al., 2010). In addition, pollen shape proved taxonomically important in some cases 
(e.g. genus Centaurea; Wagenitz, 1955; Özler et al, 2009). Furthermore, micro-morphological 
characters such as length of trichomes and trichome shapes play an important role in plant 
taxonomy (Jeffrey, 1966, in: Susanna & Garcia-Jacas, 2009; Hayat et al., 2009). Rarely only, 
taxonomic studies dealed with microscopic characters like stomata lengths (e.g. Saukel & 
Länger, 1992).  
In particular, studies combining microscopic characters with molecular data generally were 
rarely performed. For instance, Figueroa et al. (2008) found anatomical root characters (e.g. 
tilosome distribution, lamellate type, velamen cell-wall thickenings) to be phylogenetically 
informative in the Cranichideae (Orchidaceae). Respective studies regarding anatomy of 
subterranean organs, however, so far were not performed for the Asteraceae. 
 
The present work assesses the value of diverse anatomical features of the subterranean organs 
to infer the phylogeny of the Cardueae and Cichorieae.  
Thus, the anatomy of the subterranean organs of of 59 species (out of 33 genera / 12 
subtribes) from the Cardueae and Cichorieae was analysed in detail and an image database 
(comprising over 5500 pictures) forming the basis of a databank of typical anatomical features 
created. Selected parts dealing with main principles of anatomical structures have already 
been published (Fritz & Saukel, 2011a, b, c, d). The present study is based on the complete 
data set and deals with its statistically evaluation in combination with DNA data of the taxa. 
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The molecular data used DNA sequence data from the internal transcribed spacer (ITS) region 
of the nuclear ribosomal DNA, including ITS1, 5.8S and ITS2 taken from NCBI 
(http://www.ncbi.nlm.nih.gov/genbank/). 
In particular, the following aims will be addressed: (1) Is a discrimination of species on the 
basis of anatomical characters of the subterranean organs by microscopical means possible, 
(2) which characters are responsible for discrimination and (3) is there any correlation 
between the anatomy and the ITS-data in respect to the arrangement of  species/genera?   
 
MATERIAL AND METHODS 
Plant material 
The plant material used for examination comprises 59 species from 33 genera and 12 
subtribes of the two tribes Cardueae and Cichorieae. Intraspecific variation of anatomical 
features due to environmental conditions (e.g. soil parameters and geography) was addressed 
by examination of several vouchers coming in most cases from different locations. In total, 
188 specimens were studied. The plant material was collected during or following antheses 
(Austria, Germany, Italy, Liechtenstein, Slovakia, Switzerland and Poland) and from plants 
cultivated in the Botanical Garden of the Department of Pharmacognosy (University of 
Vienna). Vouchers are deposited in the herbarium of the Department of Pharmacognosy, 
University of Vienna (WUP). The plant material was taxonomically determined using floristic 
treatments covering the sampled geographic areas (Fischer et al., 2008; Tutin et al, 1976; 
Pawłowskiego & Jasiewicza, 1972; Szafer et al., 1976). A material list including the 
collection history and voucher numbers is provided in the Appendix.  
 
Anatomical analysis 
The preparation for the anatomical analysis was based on a traditional method of the 
University of Vienna (Fritz & Saukel, 2011a). To enable comparability between the 
investigated specimen and in order to exclude variation according to the longitudinal position 
of the root axis in anatomical root characters (e.g. diameter of vessels), the longitudinal 
position of sections along the root axis was standardized following Fritz & Saukel (2011a). 
Thus, sections were taken 1.5 – 2.5 cm below the insertion of the rosette leaves or beginning 
of the superterranean shoot axis, respectively. In addition, plants were collected in the same 
growth phase, i.e. during or shortly after anthesis. All information collected in the database 
refers to this part of the plant. Comparisons with sections of the tip of the root and about half 
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in between showed this position providing the best information about the anatomy of 
subterranean organs. An example of a character with its different states is given in Fig. 1.  
Sections were embedded in few drops of chloral hydrate (60% in water) and observed using a 
Nikon Optiphot–2 light microscope and a Nikon Eclipse E 600 fluorescence microscope with 
UV Ex filter 330–380. Images were taken using a Samsung Digimax V50 Digital Camera.  
 
 
          
Fig. 1: Schematic view of the different types of specifications resulting of binary characters of the 
transverse sections (a – root, b- rhizome): 1: secondary xylem dominating in extension; 2: secondary 
phloem and secondary xylem similar in extension; 3: cortex and secondary xylem similar in 
extension; 4: cortex dominating;  
 
Compilation of anatomical database  
A database of anatomical characters was established based on 5,500 photographs and 
drawings taken from the prepared sections. First, the optical information obtained was 
transformed into clearly defined characters.  Sixty mostly nominal characters were defined. 
For computational purposes, all multistated characters (30) were converted into binary-coded 
variables (0, absent; 1, present), altogether finally resulting into eighty-two traits (1 
quantitative and 81 qualitative, Table 1).  
 
Calculations 
Ribosomal nuclear DNA sequences including part of the internal transcribed spacer 1 (ITS1), 
the complete 5.8S gene, and part of the ITS2 were obtained from NCBI 
(http://www.ncbi.nlm.nih.gov; accession numbers given in the Appendix). In several cases 
only sequences from taxa of the next higher order or from close relatives were available. 
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Life form – annual / biennial /  plurennial /  perennial 
Subterranean organ – rhizome /  rhizome part of taproot/ taproot /  fibrous root system /  special 
forms: interxylary cork results in splitting of the root into various strands (Fritz & Saukel, 
2011b); irregularly secondary growth: bundles of phloem and xylem separated by a cambium are 
irregularly dispersed over the transverse section (Fritz & Saukel, 2011d)  
Dominating in extension – xylem /  secondary phloem /  cortex (see fig. 1) 
Cortex enduring 
Endodermis clearly visible 
Fibers within xylem /  secondary phloem 
Sclereids within cortex /  secondary phloem /  xylem /  phellem / pith 
Size of endodermal resin ducts (multiple of the surrounding cells / not extraordinary / primary state / 
4 epithel cells / more than 4 epithel cells / missing) 
Secretory ducts of type SD1 (C1:C2 of <0.3: Fritz & Saukel, 2011c) within sec phloem / xylem / 
position fascicular / interfascicular / independent 
Secretory ducts of type SD2 (C1:C2 of >0.4: Fritz & Saukel, 2011c) within sec phloem/ xylem / pith 
/ position fascicular/ interfascicular / independent 
Secretory ducts of type SD3 (lysigenous development: Fritz & Saukel, 2011c) within sec phloem / 
fascicular 
Secretory ducts of type SD4 (Fritz & Saukel, 2011c)  within cortex / secondary phloem / xylem / 
pith 
Secretory cavities 
Lacticifers in concentric circles / radiant rows / within small phloem_ formation not distinguishable 
/ disordered / located above medullary rays / located above medullary rays just within the outer 
layers / missing 
Phellem present / 1-5 layered / multilayered/ layers clearly laminated / cells: thin-walled / thick-
walled 
Vessels reticulate / simple pits / pits with faint border / pits with conspicuous border 
Medullary rays uni- or biseriate / up to 5 rows / more than 5 rows / not visible 
Cells walls of pith thin-walled / slightly thickened / irregularly thickened / nodularly thickened / 
thickened / rarely pitted 
Vessels arranged in circles / in groups below or next to each other / in rows (1-2)  / in rows (>2)  / 
irregularly 
Crystalloids within phellem 
Crystal needles 




However, as the emphasis of the analyses was laid on the different subtribes and genera and 
most times, only 2 species of the same genus were examined, the infrageneric phylogeny 
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could be neglected. The following substitutes for the species lacking available DNA but being 
investigated by microscopical means were chosen: Picris hieracioides subsp. grandiflora and 
Picris hieracioides subsp. hieracioides were replaced by Picris hieracioides subsp. 
morrisonensis, Crepis pontana by 22_Crepis aurea, T. cucullatum by 55_Taraxacum 
laevigatum, L. saxatilis by 35_Leontodon hispidus, S. rosea by 49_Scorzonera pupurea, A. 
tomentosum by 3_Arctium lappa, C. personata by 5_Carduus crassifolius, C. erisithales by 
18_Cirsium vulgare, S. pygmaea by 43_Saussurea discolor, C. acaulis by 7_Carlina vulgaris. 
Sequences were aligned using the program GeneDoc® (Nicholas, 1997) and, finally, trimmed 
to the length of the shortest sequence. The total length of the alignment was 772 bases.  
 
Trees were generated with PAUP® version 4.0b1 (Swofford, 2005) using maximum 
parsimony analyses. The heuristic search algorithm was chosen, using the RANDOM 
ADDITION of taxa and the TBR option (tree bisection-reconnection) for branch swapping, 
which was restricted to 1000 retained trees. Gaps were treated as MISSING. Besides Paup®, 
cluster analyses using Complete Linkage and Ward-Method as implemented in the software 
package Statistica® were performed. The numerous analyses were conducted on four 
different data sets: 
(1) The whole alignment consisting of 772 characters. 424 characters were variable and 371 
parsimonious informative. 
(2) The binary data matrix comprising 81 anatomical variables (only qualitative characters, 
see above).,In the cluster analyses, the quantitative character (maximal diameter of vessels) 
was included as well.   
(3) The data used in (1) included a lot of ambiguous entries. Therefore intending a 
combination of DNA-data and anatomical data, in order to achieve a reduction of the 
influence of DNA-data, the DNA-data was cleaned in such way that only A, C, G, T letters 
are allowed. All columns with any different letters have been eliminated. In the end, the 
resulting data matrix consists of 182 characters.  
(4) The combined matrices 2 and 3. 
 
DFA - a discriminant function analysis (DFA) using the software package Statistica® was 
performed on the basis of the whole dataset (188 accessions and 82 characters [table 1]) – (1) 
to estimate if the studied taxa can be differentiated based on the multivariate anatomical data 
and (2) to identify potential characters of highest discriminative power. For an optimal 
performance of the DFA, sufficient variance in each selected taxon is requested. Therefore, 
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subtribes (Hyoseridinae, Carduinae, Carlininae, Centaureinae, Cichoriinae, Chondrillinae, 
Crepidinae, Echinopsidinae, Hypochaeridinae, Hieraciinae, Lactucinae and Scorzonerinae) 
instead of species were used as categorical grouping variable.  
 
CLUST_META was developed as a novel method for tree comparisons (cf. Carrizo S.F., 
2004, Isenberg P. et al., 2007, Gouret Ph. et al., 2009, Kao M-Y., 2001, Zhong Y. et al., 1997, 
Sokal et al., 1962, Restrepo G., 2007, Penny D. & Hendy M.D., 1985, Phipps J.B., 1971) for 
comparing different trees. CLUST_META is a new and very simple method for the 
comparison of categorical information about group membership of operational taxonomic 
units (OTU´s) delivered by different algorithms or by manual input after a determination of 
material or an assignment of OTU´s to higher taxonomical units. The principle of the method 
will be explained in the following example:  
Suggest that we want to compare four different classifications. The alternative classifications 
can be presented as a data matrix consisting of four rows of categorical vectors, which 
provide the respectively proposed groups as numbers (up to the maximum number of groups 
classified) (Table 2). Logically, the matrix expresses information about the relationship of 




Table 2. Originating data matrix (columns represent the OTU’s, rows represent the categorical 
information) 
 
 1 2 3 4 5
Classification 1 1 1 2 3 2
Classification 2 2 2 1 3 1
Classification 3 3 3 2 1 2
Classification 4 1 1 2 1 2
 
 
The main idea is now to disentangle the specific group number from each information vector. 
For this purpose each line of the initial data matrix will be decomposed in as many single 
binary vectors as the maximal group number indicates. The decomposition is shown for two 










Table 3. Decomposition of two classifications of the original data matrix into single binary vectors 
(columns represent the OTU’s, rows represent the categorical information) 
 
 
  1 2 3 4 5
Classification 1 group 1 1 1 0 0 0
Classification 1 group 2 0 0 1 0 1
Classification 1 group 3 0 0 0 1 0
Classification 2 group 1 0 0 1 0 1
Classification 2 group 2 1 1 0 0 0









Now it is easy to see that simple sorting procedures could reveal new pattern in the matrix. 




Table 4. Sorted data matrix (columns represent the OTU’s, rows represent the categorical 
information) 
 
  1 2 3 4 5
Classification 1 group 3 0 0 0 1 0
Classification 2 group 3 0 0 0 1 0
Classification 1 group 2 0 0 1 0 1
Classification 2 group 1 0 0 1 0 1
Classification 1 group 1 1 1 0 0 0












The algorithm provides some useful features as an option to sort by rows or columns, to move 
whole blocks of rows and columns as well as some advanced sorting algorithms for an 
automatic arrangement of the binary matrix (see results).  
Two great advantages of this new method can be highlighted: 
a) no loss of information at any time of the procedure 
b) information about the links between the different information vectors (classifications) 
and the new group pattern in the sorted data matrix 
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RESULTS AND DISCUSSION 
Three questions were the center of our attention: (1) Is a discrimination of species with the 
anatomical characters of their subterranean organs by microscopical means possible, (2) 
which characters are responsible for a discrimination and (3) is there any correlation between 
the anatomy and the ITS-data in respect to the arrangement of  species/genera/subtribes?   
 
To answer question one, a binary decision tree (fig. 2) has been constructed on the basis of the 
generated database to achieve a better overview over the separabilities of the diverse taxa by 
microscopical means. It is important to notice that the arrangement of the taxa doesn’t 
represent any phylogenetic relations but instead the arrangement is caused by the order of 
discrimination characters in the tree. The features used for differentiation were chosen in 
terms of their unambiguousness and reliability and with the purpose of a quick discrimination. 
As illustrated, a differentiation between most of the taxa is possible, leaving just a few species 
not distinguishable. For instance, there is no infrageneric variation of the anatomy of Arctium 
sp. or Taraxacum sp. and there are no anatomical characters to discriminate between 
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Fig. 2: Binary decision tree concerning the underground organs: More than one way may be possible 
for the identification of certain taxa. If so, the species appear twice within the tree, marked with _1/_2.  
The shortest branches mark the taxa which are not distinguishable from each other. 
Discrimination characters: A_endodermal resin ducts present; A1*_interxylary cork present; A1_interxylary 
cork absent; A2*_fibers present; A2_fibers absent; A3*_secretory cavities present; A3_secretory cavities absent; 
A4*_secretory ducts besides endodermal resin ducts absent; A4_secretory ducts besides endodermal resin ducts 
present; A5*_endodermal resin ducts of a size multiple of surrounding parenchyma cells; A5_endodermal resin 
ducts not of a size multiple of surrounding parenchyma cells; A6*_sclereids absent; A6_sclereids present; 
A7*_fibrous root system, primary structure of roots remains; A7_taproot / rhizome; A8*_rhizome; A8_taproot; 
A9*_vessels in rows; A9_vessels irregularly dispersed; A10*_no distinct endodermis, cortex becomes 
rhytidome; A10_enduring cortex with distinct endodermis; A11*_diameter of largest vessels > 100µm; 
A11_diameter of largest vessels < 100µm; A12*_cells of pith thick-walled, pitted; A12_either no pith or cells of 
pith thin-walled; A13*_tracheids mainly reticulate and scalariform; A13_tracheids mainly with bordered pits; 
A14*_cortex without aerenchym; A14_aerenchym in cortex; A15*_secretory ducts of type SD3 present; 
A15_secretory ducts of type SD3 absent; A16*_secretory ducts of type SD1 / SD2 in wood cylinder present; 
A16_secretory ducts of type SD1 / SD2 in wood cylinder absent; A17*_SDs in fascicular position; A17_SDs in 
interfascicular position; A18*_secretory ducts of type SD1 with C1:C2 < 0,3 within secondary phloem present; 
A18_secretory ducts of type SD1 with C1:C2 < 0,3 within secondary phloem absent; A19*_phytomelanin-
coated sclereids present; A19_phytomelanin-coated sclereids absent; A20*_secretory ducts of type SD2 at the 
border between xylem and pith present; A20_secretory ducts of type SD2 within secondary phloem; 
A21*_secretory ducts with C1:C2 = 0,40 - 0,70; A21_secretory ducts with C1:C2 > 0,9; B_laticifers present; 
B1_fibers present; B1_fibers absent; B2*_sclereids present; B2_sclereids absent; B3*_laticifers circular 
arranged; B3_laticifers in rows or irregularly dispersed; B4*_taproot; B4_fibrous root system; B5*_taproot; 
B5_fibrous root system / rhizome; B6*_medullary rays < 5 cells in a row; B6_medullary rays > 5 cells in a row; 
B7*_lenght:width of vessel elements < 2; B7_lenght:width of vessel elements > 3; B8*_fibrous root system; 
B8_rhizome; B9*_laticifers in rows; B9_laticifers irregularly dispersed; B10*_tracheids mainly reticulate; 
B10_tracheids mainly with bordered pits; B11*_diameter of largest vessels < 45µm; B11_diameter of largest 
vessels > 45µm; B12*_lenght:width of vessel elements < 2; B12_lenght:width of vessel elements > 3,5; 
B13*_sclereids present; B13_sclereids absent; B14*_sclereids in cortex, sec. phloem and xylem; B14_sclereids 
in phellem; B15*_laticifers circular arranged; B15_laticifers in rows or irregularly dispersed; B16*_fibrous root 
system; B16_taproot; B17*_vessels  with bordered pits; B17_vessels only reticulate; B18*_medullary rays 
multiseriate; B18_medullary rays absent; B19*_laticifers irregularly dispersed; B19_laticifers in rows; 
B20*_cells of pith thin-walled; B20_cells of pith thick-walled; B21*_cells of pith with nodular thickening; 
B21_cells of pith without nodular thickening; B22*_irregularly secondary growth; B22_regularly secondary 
growth; B23*_phellem thickwalled; B23_phellem thinwalled; B24*_vessels irregularly dispersed; B24_vessels 
in rows; B25*_special structure of rhytidome / phellem; B25_regularly laminated phellem; 
 
 
Discriminant function analysis 
Concerning question two, a discriminant function analysis (DFA) on the basis of the 
anatomical data set was performed. As a priori grouping the affiliation to one of the twelve 
subtribes was used. As one result, the different types of secretory ducts (classified according 
to the quotient length of the duct epithel cells/length of adjacent cells as seen in longitudinal 
section; Fritz & Saukel, 2011c) and their exact location with respect to other prominent 
anatomical structures as well as the structure of the vessels including secondary wall 
thickenings and pits were identified as the most discriminative characters.  
Secondly, the corresponding classification matrix shows an a priori classification probability 
of 100% of all subtribes except the Hypochaeridinae (with 96.77 %; one sample from 
Prenanthes purpurea was misclassified as member of the Lactucinae). Interestingly, 
Prenanthes L. formerly used to belong to the subtribe Lactucinae, whereas recently it was 
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transferred to the subtribe Hypochaeridinae Less. (Kilian et al., 2009). The results of the 
anatomy-based DFA, however, support the former affiliation. 
Additionally, the DFA provides a canonical correlation analysis. In scope of these 
computations, the successive canonical roots were determined. Figure 3 shows scatterplots of 
the canonical roots 3, 4 and 5. The scatterplots demonstrate that samples cluster according to 
subtribes.  
 
Phylogenetic analyses versus Cluster analyses  
Nuclear DNA- and anatomy-based trees were compared to each other using the new algorithm 
CLUST_META.  
Figures 4a and 4b summarise the groupings inferred from 12 different computations: 8 
grouping vectors refer to cluster analyses (using the software package Statistica®), carried out 
on the four data sets described earlier (Complete Linkage [C_772, C_182, C_MI182,C_MI], 
and Ward [W_772, W_182, W_MI182, W_MI]) using a distance matrix (p-distance 
[Swofford, 2005]) generated by Paup®. The achieved dendrogramms are cut at the level of 4, 
5 and 6 groups to create different grouping vectors. The other 4 vectors show groupings 
suggested by Paup® using maximum parsimony (nrDNA- [P_772 and P_182], anatomy-
based analyses [P_Mi], and the combined data [P_MI182]). Here again, the trees are cut at the 
level of 4, 5 and 6 groups too to achieve comparability with the clusters mentioned above. In 
fig. 4 (and fig 5) the data matrix was sorted according to the similarity of lines and according 
to the membership to subtribes: similarities and dissimilarities within single subtribes and 
connections between can be observed. For instance, a group comprising Carduus sp., Cirsium 
sp. and Silybum marianum (horizontal lines 6-10) clearly stands out of the other Carduinae 
(vertical lines 31-48, 123-125, 165-178, referring to both various calculation of pure 
microscopical data, pure DNA-data and the mix of both). Prenanthes purpurea (horizontal 
line 35) shows its special status within the Hypochaeridinae with closeness to the subtribe 
Lactucinae, in terms of both microscopy (vertical lines 108-109, 130-133) and DNA-data 
(vertical lines 61-65, 101-107). Concerning the microscopical data, similarities not only to the 
Lactucinae but also to Chondrilla juncea and Carduus personata and Cirsium sp. exist 
(vertical lines 130-133).  
Furthermore, some subtribes are clearly defined against others (e.g. Scorzonerinae, 
Crepidinae). 
The reduction of the ITS-data resulting in 182 characters, intentionally performed to be able 
to combine DNA-data with microscopical data within one tree, reveals not to make much 
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sense regarding some species (and therefore, the mix between 182 and microscopy as well). 
The reduction seems to be associated with the loss of important information. P_182 (vertical 
lines 142-144, 154-156) show the differences between Aposeris foetida and Sonchus 
oleraceus (subtribe Hyoseridinae) in contrast to the computations of the DNA-data containing 
772 characters.  
In Fig. 5, the diverse calculations of the microscopical data (P_MI, W_MI, C_MI) are 
compared with the complete DNA-data (P_772). Taxa are ordered by similarity only, i.e. 
neglecting taxonomy. Obviously, in some respects, there is agreement between the trees of 
phylogeny and subterranean anatomy (e.g. a group with Serratula / Centaurea sp. [vertical 
lines 4-5, 17-18, 40-45]). Here again, similarities and connections between the different 
calculations and samples become visible. For another view, fig. 6 presents the same data but 
with taxa unsorted, sortation just on behalf of the objects (calculation methods). Paup® seems 
not to be suitable for calculations with microscopical data, cluster analyses using Complete 
Linkage or Ward are far more congruent with the DNA information.  
 
 
In conclusion, our results demonstrate that a congruence between the DNA and the 
microscopical data exist to a certain degree depending on the calculation method. Rather 
striking is the outcome of the DFA with an a priori classification probability of 100% of the 
subtribes in almost all cases. Microscopical characters supporting the systematic relationships 
of the Cardueae and Cichorieae have been successfully identified. However, the number of 
species that have been examined in this study is small compared with the diversity of the 











Fig. 3: Scatterplot of the Canoncial roots 3, 4, 5 (CSCR) of the Discriminant Analysis (82 characters used). Individuals from different subtribes are labelled 
with different symbols.  
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Fig. 4a: Graph achieved by the CLUST_META algorithm (part 1: line 0-90) comparing the generated 
trees P_772, P_182, P_MI, P_MI182, W_772, W_182, W_MI, W_MI182 and C_772, C_182, C_MI, 
C_MI182 cut at the levels of 4, 5 or 6 groups. The cipher at the end of the name of a line indicates the 
number of differentiated groups within this tree.  Samples are sorted with regard to their subtribe 
(complete names are given under their numbers in the appendix), the succession of the subtribes 
follow the phylogeny given in Funk et al., 2009. 
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Fig. 4b: Graph achieved by the CLUST_META algorithm (part 2: line 90-180) comparing the 
generated trees P_772, P_182, P_MI, P_MI182, W_772, W_182, W_MI, W_MI182 and C_772, 
C_182, C_MI, C_MI182 cut at the levels of 4, 5 or 6 groups. The cipher at the end of the name of a 
line indicates the number of differentiated groups within this tree.  Samples are sorted with regard to 
their subtribe (complete names are given under their numbers in the appendix), the succession of the 
subtribes follow the phylogeny given in Funk et al., 2009. 
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Fig. 5: Graph achieved by the CLUST_META algorithm comparing the generated trees P_772, P_MI, 
W_MI and C_MI cut at the levels of 4, 5 or 6 groups. The cipher at the end of a name of a line 
indicates the number of discriminated groups within this tree. Samples are sorted on behalf of 

























Fig. 6: Graph achieved by the CLUST_META algorithm comparing the generated trees P_772, P_MI, 
W_MI and C_MI cut at the levels of 4, 5 or 6 groups. The cipher at the end of a name of a line 
indicates the number of discriminated groups within this tree. Sortation on behalf of the objects 





 Taxa studied, collection history, voucher numbers and GenBank accession numbers of DNA 
sequences (taxonomy following Funk et al., 2009); “Nr.” indicates the number which the taxa 
received for the analyses. Plant material collected by Elisabeth Fritz (EF), Christoph Dobeš 
(CD), Johannes Saukel (JS), Valerie Klatte-Asselmeyer (VK), Silvia Fialova (SF), Werner 
Lahner (WL), Günther Stadler (GS) 
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Austria, Vienna, EF (ES02-09, ES03-09) 
-, Lower Austria, Tullnerbach, EF (ES06-09) 
-, -, Karnabrunn, CD (ES07-09) 




Carlininae Carlina acaulis L. 6 -, Vienna, EF (CA02, CA05) 
Germany, Baden-Württemberg, Schwäbische Alb, 
Herbarium of Hohenack, Nr. 652 (WUP) (CA01, 
CA04) 
Samples of a commercially traded product (Kottas 
Pharma, sample number 1881, 1882) 
 
- 
 C. vulgaris L. 7 Poland, Gutkowo, Olsztyn, EF (CV02-09 - CV05-09) 
 
AY826246 
Carduinae Arctium lappa L. 2 Austria, Vienna, EF (AL01-09, AL05-09, AL3A-09) 
 
FJ528300 
 A. tomentosum Mill. 3 -, Traiskirchen, EF (AT01-10 - AT03-10) 
 
- 
 Saussurea discolor 
(Willd.) DC. 









 Jurinea mollis Rchb. 29 -, Vienna, EF (JM01-09) 
-, Burgenland, Winden, JS (JM03-86, JM04) 
 
AY780404 
 Carduus personata (L.) 
Jacq. 
5 -, Styria, Schneealpe, EF (CaP01-09 - CaP03-09) 
 
- 
 C. defloratus L. 
(C. crassifolius Willd.) 
4 -, Lower Austria, Gippel, CD (CC01-08) 
-, -, Araburg castle, EF(CC02-08, CC03-08) 
 
AY826241 
 Cirsium arvense (L.) 
Scop. 
16 -, Vienna, EF (CiA02-08) 
Slovakia, Modra, SF (CiA01-08) 
USA, New York, Peekskill, Planta America 








 C. erisithales (Jacq.) Scop. 17 Austria, Styria, Schneealpe, EF (CE01-09 - CE03-09) 
 
- 
 Onopordum acanthium L. 37 -, Lower Austria, Buchberg, WL (O01-08, O02-08) 
Italy, Southern Tyrol, Vinschgau, CD (AST3) 
 
AY914827 
 Silybum marianum (L.) 
Gaertn. 
53 Austria, Lower AUT, Buchberg, WL (MD1-08, MD2-
08, SM1) 





Centaureinae Serratula tinctoria L. 52 Austria, Vienna, JS (ST01-09 - ST04-09) AJ868085, 
AJ868084 
 
 Rhaponticum scariosum 
Lam. 
41 Liechtenstein, Saminatal, GS (RS01-09, RS02-09) DQ310951, 
DQ310952 
 
 Centaurea jacea L. 9 Austria, Karnabrunn, CD (CJ01-09, CJ02-09) 




 C. scabiosa L. 11 -, Vienna, JS (CS03-08) 
Poland, Gutkowo, Olsztyn, EF (CS02-08) 
Switzerland, Graubünden, Lavin, CD (CS01-08A, 
FJ459692 
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 C. cyanus L. 
(= Cyanus segetum Hill., 
Fischer et al.) 
8 Austria, Vienna, EF (CS3-08) 
Germany, Baden-Württemberg, Kronau, CD (CS2-08) 




 C. montana L. 
(= Cyanus montanus Hill., 
Fischer et al.) 
10 Austria, Lower Austria, Unterberg, EF (C01-08) 
-, -, Pressbaum, EF (C03-08) 
Slovakia, Modra, S.F. (C02-08) 
 
L35887 
 Cnicus benedictus L. 19 Botanical Garden of the Department of 
Pharmacognosy, University of Vienna (CB1 – S3,S4) 
 
DQ319091 
Scorzonerinae  Scorzonera hispanica L. 46 Austria, Lower Austria, Anninger, JS (SHI01) 





 S. humilis L. 47 -, -, Drosendorf, JS (SH02, SH03) 




 S. purpurea L. 48 -, Vienna, EF (SP01-09 - SP03-09) 
 
- 
 S. aristata Ramond ex 
DC. 
44 -, Carinthia, Lumkofel, JS (SAr01-09 - SAr03-09) 
 
AY508192 
 S. austriaca Willd. 45 -, Vienna, EF (SA01-09, SA04-09, SA05-09) AY508216, 
AM117047 
 
 S. rosea Waldst. & Kit. 49 Austria, Carinthia, Lumkofel, JS (SR01-09, SR02-09) 
 
- 
 Tragopogon orientalis L. 58 -, Lower Austria, Araburg, EF (TO01-08) 
-, -, Laaben, EF (TO02-08) 
Poland, Gutkowo, Olsztyn, EF (TO03-08) 
 
AY508170 
 T. dubius Scop. 47 Austria, Vienna, EF (TD1-08) 




Lactucinae  Lactuca virosa L. 31 Austria, Vienna, EF (LV01-07, LV02-07) 
 
AJ633335 
 L. perennis L. 30 Italy, Eisacktal, JF (LP01) 




 Mycelis muralis (= 
Lactuca muralis Dumort., 
Fischer et al.) 
36 Austria, Vienna, EF (M01-08, MM01-08) 
-Lower Austria, Irenental, EF (M02-07) 




 Cicerbita alpina Wallr.  
(= Lactuca alpina Benth. 
& Hook.f., Fischer et al.) 
 
14 -, Styria, Schneealpe, EF (CiAl01-09 - CiAl03-09) AJ633324, 
AJ633340 
 
Hyoseridinae  Aposeris foetida Cass. 1 Austria, Carinthia, Feistritz im Rosental, JS (AF1, 
AST19) 




 Sonchus oleraceus L. 54 Austria, Vienna, EF (SO01-07) 
-Lower Austria, Irenental, EF (SO02-07A, SO02-
07B) 
Italy, Southern Tyrol (CD): seeds planted in Botanical 





Crepidinae  Crepis biennis L. 21 Italy, Southern Tyrol, Vinschgau, CD (AST5) 
Slovakia, Modra, SF (CB01-08) 
Botanical Garden Karl Franzens Universität Graz; 
Mürzsteger Alpen; Seewirtgraben / Mariazell (70) 
Botanical Garten Berlin-Dahlem; DE-0-B-0164479: 
















 Lapsana communis L. 32 Italy, Southern Tyrol, Vinschgau, CD (AST17) 
Austria, Vienna, EF (LC01-08, LC02-08B) 





 Taraxacum cucullatum 
Dahlst. 
55 -, Salzburg, Riedingtal, JS (TC01-08 - TC04-08) 
 
- 
 T. laevigatum DC. 56 -, Vienna, JS (TL01-08 - TL03-08) 
 
AJ633288 
Chondrillinae  Chondrilla juncea L. 13 -, Vienna, Kovats (CJ02) 
Hungary, Holuby (CJ01) 
 
AJ633348 




Hypochaeridinae  Helminthotheca echioides  
(L.) Holub 
24 Botanical Garden of the Univ. Bonn; 1744;DE-0-
Bonn-23773: F. Klingenstein&J. Manner,1998, 




 Hypochaeris uniflora 
Hoffm. 
28 Austria, Salzburg, Lungau, JS (V310, V312) 
-, Salzburg, Kareck, JS (101, HU01-08) 
 
AF528481 
 H. radicata L. 27 Poland, Gutkowo, Olsztyn, EF (5-100, 5-16) 
Botanical Garden Berlin-Dahlem; 916; DE-0-B-
2421281: Bayern, Kreis Wunsiedel, Fichtelgebirge, 
leg. Hempel  






 Leontodon incanus 
Schrank 
34 -, Burgenland, St. Margarethen, JS (L100) 
-, Steiermark, Oberwölz, JS (L108) 
-, Lower Austria, Baden, JS (L305) 
-, -, Anninger, JS (L358, L359) 
 
DQ451772 
 L. hispidus Scop. 33 -, -, Rekawinkel, EF (L1-106) 
-, -, Rax, EF (3-22) 





 Picris hieracioides subsp. 
hieracioides L. 
39 Austria, Vienna, EF (PH02-07A, PH02-07B) 




 Picris hieracioides subsp. 
grandiflora (Ten.) Arcang. 
 
38 Botanical Garden of the Friedrich-Schiller-Universität 
Jena; Weimar:Oberweimar  
 
 
 Scorzoneroides helvetica 
(Merat) Holub 
 
51 -, Styria, Etrachtal, JS (L109) 
-, -, Prebertal, JS (L112) 




 S. autumnalis (L.) Moench 50 Poland, Gutkowo, Olsztyn, EF (L102 - L104) 
 
AF528486 
 Prenanthes purpurea L. 40 Austria, Styria, Schneealpe, EF (PP01-09 - PP03-09) AJ633342, 
AJ633343 
 
Hieraciinae  Hieracium murorum L. 25 -, Lower Austria, Hohe Wand, EF (HM01-08) 
Switzerland, Graubünden, Bos-cha, CD (AST11) 
Botanischer Garten Karl Franzens Universität Graz; 
81; Schillingsdorf, VI-X/2007 (AD) (HM1) 
 
AF528492 
 H. pilosella L. 26 Italy, Southern Tyrol, Vinschgau, CD (AST6) 
Poland, Gutkowo, Olsztyn, EF (01-07); (HP01-86) 
 
AY879161 
Cichoriinae  Cichorium intybus L. 15 Austria, Lower Austria, Pressbaum, EF (CI1-07) AY504694, 
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-, Vienna, EF (CI1-08) 
Poland, Gutkowo, Olsztyn, EF (CI2-07) 
Seeds of the Botanical Garden Berlin-Dahlem:DE-0-




 Chlorocrepis staticifolia 
(All.) Griseb. 
 
12 Italy, Southern Tyrol, Vinschgau, CD (AST7) 
-, Valbruna, CD (AST22) 
AJ633437 
 Wunderlichia mirabilis 
Riedel ex Baker 
(Outgroup) 
 
  DQ414742 
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Investigations of the Underground Parts of Medicinally Used Plants and Possible Adulterations 
of Various Cardueae and Cichorieae 
 
Fritz E1,Saukel J1 
1 Department of Pharmacognosy, University of Vienna, Althanstrasse 14, 1090 Vienna, Austria 
 
Asteraceae is the taxonomically most diverse family of plants comprising of more than 23,000 species and about 
1,600 genera. Numerous representatives such as Taraxacum officinale, Cichorium intybus, Silybum marianum, 
and Hieracium pilosella to mention only few thereby have a long history in both traditional and western medicine. 
The anatomy of rhizomes and roots of a representative number of species from the tribes Cardueae and 
Cichorieae was analysed in detail as respective comparative studies on underground parts of medicinally used 
drugs and possible adulterations are missing yet for these diverse taxa. Until now, 28 genera and 37 species 
have been collected and examined by means of light microscopy and a database of typical anatomical characters 
created. In addition, some of the studied species were cultivated to follow the ontogenetic development of the 
underground organs at different states of growth. Particular attention was thereby spent to the secretory system: 
Endodermal resin ducts are characteristic to the Cardueae, whereas, according to literature data, these 
anatomical elements are restricted within the tribe Cichorieae to Scorzonera hispanica, Tragopogon porrifolius, 
and the genus Scolymus. Cichorium intybus and Lapsana communis were reported to exhibit the “doubling” of the 
endodermis, but with ducts missing [1]. In contrast to these published results, our studies unravelled, that the 
roots of Cichorium intybus contain secretory ducts at an early state of growth at least. It seems likely that they 
occur in young roots of Lapsana communis as well. 
Based on anatomical structure, we could distinguish different types of resin ducts. These various forms of resin 
ducts and the structural context of their occurrence, particularly with respect to tissue of origin and their position 
relative to prominent anatomical elements such as vascular bundles (e.g., a centrifugal position in Centaurea 
scabiosa versus an interfascicular position in Carlina acaulis) provided valuable characters to discriminate among 
the species studied. 
1. Van Tieghem, M. Bull. Soc. Botanique de France 1884: 112-116 
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resin  ducts  (endoSDs);  secondary  phloem  broad,  but  of  lesser  radial  extension  than  the 
vascular cylinder, with rare sclereids and with fibers arranged in bundles; secondary xylem 
dominated  by  fibers,  vessels  strongly  bordered,  up  to  75μm  in  diameter,  dispersed, 
sometimes  circularly  arranged  relative  to  the  centre  of  the  xylem; medullary  rays mainly 
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a:  Root  of  Echinops 
sphaerocephalus,    habitus 
(ES08‐09)  
b:  Schematic  view  of  E. 
sphaerocephalus 
(transverse  section): 
small  ellipses  mark  the 
position  of  the  endoSDs 
of  the  cortex and SCs  in 
the  rays  of  the  sec. 
phloem  and  in  the 








xylem  is  the  most  expanded  component  followed  in  extension  by  the  sec.  phloem;  cortex 
conspicuously small; the torn‐apart phloem is an artefact (ES06‐09); b: vascular cylinder: as a natural 
process during  the development of  the  root medullary  rays are  ripped apart near  the  centre of  the 
root;  the  xylem  consists mostly  of  fibers  interspersed  with  vessels  (ES07‐09);  c:  cork,  cortex,  sec. 
phloem with SCs (ES02‐09); d: SC within sec. phloem (ES02‐09); e: endoSD (ES06‐09); f: SC of the sec. 















secondary  root: cork  thin‐walled; cortex durable or  lost  in course of  rhytidome  formation; 
endoSDs are  in  size a multiple of  the diameter of  the  surrounding parenchyma  cells,  lost 













root  of  C.  acaulis 
(transverse  section): 
small  ellipses  mark  the 
position  of  the  endoSDs 
of  the  cortex  and 
SD1/SD2a  in  phloem 
rays  and  in  the 
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Carlina  acaulis  root:  a: Overview  showing  the  extension  and  arrangement  of  tissues:  the  secondary 
xylem  is  the  most  expanded  component  followed  in  extension  by  the  secondary  phloem;  cortex 
conspicuously small or  lost  in course of  rhytidome  formation; phellem,  small cortex with endoSDs, 
secondary phloem  and  xylem with  secretory ducts  type SD1 within  the medullary  rays  (CA02); b: 
secondary  phloem with  size  a multiple  of  the  diameter  of  the  surrounding  parenchyma  cells  and 
fibers arranged  in bundles  (CA04); c: SD1 and crystalline needles  in medullary  rays of  the vascular 











secondary  root:  cork  thin‐walled  sometimes  with  crystalloids;  cortex  enduring;  distinct 
endodermis with  endoSDs  –  usually  up  to  10  surrounding  cells  at maximum;  secondary 
phloem broad, but of  lesser  radial  extension  than  the vascular  cylinder;  secondary  xylem 
dominated by fibers, few vessels dispersed over the transverse section, strongly bordered, up 








b:  Schematic  view  of 
Carlina  vulgaris  taproot 
in  transverse  section: 
small  ellipses  mark  the 
position  of  the  endoSDs 
of  the  cortex  and  type 
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Carlina vulgaris  root: a: Overview showing  the extension and arrangement of  tissues:  the secondary 
xylem  is  the  most  expanded  component  followed  in  extension  by  the  secondary  phloem;  cortex 
conspicuously small  with distinct endodermis (CV01‐09); b: overview showing distinct endoSDs and 


















endoSDs  lost  together  with  the  cortex;  secondary  phloem  broad,  but  of  lesser  radial 
extension  than  the vascular  cylinder, possibly with  fibers  arranged  in bundles;  secondary 





















the most  expanded  component  followed  in  extension  by  the  sec.  phloem;  cortex  lost  in  course  of 
rhytidome  formation;  xylem  dominated  by  unlignified  parenchymatous  cells with  vessels  in  rows 
(AL3A‐09); b:  sec.  phloem with  sclereids  and  fibers  arranged  in  bundles  (AL01‐09);  c:  xylem with 






















secondary root: interxylary cork resulting in the separation of the main root into smaller strands each 
comprising of secondary phloem and secondary xylem surrounded by numerous periderms forming a rhytidome 
(Fritz and Saukel, in print); cortex lost in course of rhytidome formation; endoSDs lost together 
with  the  cortex;  secondary phloem  broad,  but  secondary  xylem dominating  in  extension; 
secondary xylem consists of vessels, irregularly dispersed and (in case of S. discolor) bundles 
of  fibers; vessels  reticulate  (rarely simple), up  to 70μm  (S. discolor)  / 45μm  (S. pygmaea)  in 
diameter;  secretory ducts of  type SD2 within  secondary phloem  though ducts not  always 





























Saussurea  discolor  root  (a‐d):  a,b: Overview  showing  the  extension  and  arrangement  of  tissues:  the 
secondary xylem  is  the most expanded component  followed  in extension by  the secondary phloem; 
cortex  conspicuously  lost  in  course  of  rhytidome  formation  (SD01‐09);  c:  fluorescence microscopy 
under UV  330‐380  nm:  blue  fluorescence  of  vessels  and periderm  (arrow),  interxylary  and  cortical 















secondary  root:  cork  thin‐walled  sometimes  with  crystalloids;  cortex  small,  enduring; 
distinct endodermis with endoSDs –  in size a multiple of  the diameter of  the surrounding 
parenchyma  cells;  sec.  phloem  broad,  but  of  lesser  radial  extension  than  the  vascular 
cylinder, with  fibers arranged  in groups  in  fascicular position above  the vascular  cylinder 
between  phloem  rays;  sec.  xylem  with  vessels  in  broad  rows  or  wedges  and  fibers  in 
tangential  bands  alternating  with  parenchymatous  cells;  vessels  mainly  reticulate,  also 












endoSDs  of  the  cortex, 
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Jurinea mollis  root:  a: Overview  showing  the  extension  and  arrangement  of  tissues:  the  secondary 
xylem  is  the  most  expanded  component  followed  in  extension  by  the  secondary  phloem;  cortex 
conspicuously  small; phellem,  small  cortex with  endoSDs  in  a  size multiple of  the diameter of  the 
surrounding parenchyma cells, secondary phloem with further secretory ducts missing, xylem (JM03‐
86); b: cortex with endoSDs, secondary phloem with fibers arranged  in groups  in fascicular position 
above  the  vascular  cylinder  between  phloem  rays  (JM03‐86)  ;  c:  endodermal  resin  duct  of  a  size 
multiple of the diameter of the surrounding parenchyma cells with content (JM03‐86; cited Paper II); 
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phloem  broad,  but  of  lesser  radial  extension  than  the  vascular  cylinder,  suberizing, with 
sclereids of  the same  type occurring  in  the cortex and  fibers single or arranged  in bundles; 






a:  Root  of  Carduus 
crassifolius,  habitus 
(CR03‐08) 
b:  Schematic  view  of  C. 
crassifolius  root 
(transverse  section): 
small  ellipses  mark  the 
position  of  the  endoSDs 












parts  of  the  secondary phloem  suberized  (CC03‐08); b:  overview  showing  secondary phloem with 
fibers  arranged  in  groups,  bark  (CC02‐08);  c:  cortex with  regularly  arranged  endoSDs  of  a  young 
Carduus  crassifolius  root  (CC01‐08);  d:  vascular  cylinder with  vessels  circularly  arranged,  fibers  in 









rhizome with secondary growth: Thin‐walled  cork  / bark; cortex  suberized with  sclereids 
either round and with small lumen or resembling the adjacent parenchyma cells in size and 
shape; endoSDs or remnants of them visible; secondary phloem usually broader than cortex, 
but  of  lesser  radial  extension  than  the  vascular  cylinder,  within  older  rhizomes  partly 
suberized,  with  sclereids  of  the  same  type  occurring  in  the  cortex  and  fibers  single  or 
arranged  in bundles; secondary xylem with fibers dominating, vessels dispersed, reticulate 
and  strongly  bordered,  up  to  91μm  in  diameter;  sclereids  as  transition  between  vascular 
















endoSDs  of  the  cortex, 
black  points  represent 




















secondary  root: Rhizodermis  or  cork  thin‐walled;  cortex with  large  intercellular  spaces  – 
aerenchyma, with  sclereids  resembling  the  adjacent  parenchyma  cells  in  size  and  shape, 
large  lumen;   endoSDs regularly arranged; secondary phloem usually smaller  than cortex, 








resembling  the adjacent parenchyma cells  in size and shape,  large  lumen,  tissue  frequently 
ruptured; endoSDs  lost  lost  together with  the suberizing of  the cortex; secondary phloem 
conspicuously small with sclereids of the same type occurring in the cortex, fibers building a 











a:  Taproot  of  Cirsium 
arvense,  habitus  (CiA02‐
08) 









secondary  xylem  is  the most  expanded  component  followed  in  extension  by  the  cortex;  regularly 
arranged endoSDs  (CiA01‐08); b: cortex with  sclereids  resembling  the adjacent parenchyma cells  in 











a:  Schematic view  of Cirsium  arvense  rhizome  in 
transverse  section:  small  ellipses  mark  the 
position  of  the  endoSDs  and  secretory  ducts  of 
type  SD2  at  the  border  between  the  vascular 
bundles and  the pith, black points  represent  the 
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Cirsium  arvense  rhizome:  a:  Overview  showing  the  extension  and  arrangement  of  tissues:  the 
secondary  xylem  is  the most  expanded  component,  cortex  and  secondary  phloem    conspicuously 
small, suberizing (CiA02‐08); b: sclereids  resembling the adjacent parenchyma cells in size and shape 
within  the suberized cortex, secondary phloem with  fibers building a cap over  the vascular bundle 










formation;  endoSDs  lost  together with  the  cortex;  secondary phloem broad, but  of  lesser 
radial extension than the vascular cylinder, with fibers in groups arranged in circular bands 
in fascicular position above the vascular bundles alternating with bands of parenchymatous 







a:  Rhizome  of  Cirsium 
erisithales, habitus (CE03‐
09) 
b:  Schematic  view  of  C.  
erisithales  rhizome 
(transverse  section): 
small  ellipses  mark  the 
position  of  the  endoSDs 
of  the  cortex,  vascular 
cylinder dominating 
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in  course of  rhytidome  formation,  secondary phloem broad, but of  lesser  radial  extension  than  the 
vascular  cylinder  (CE01‐09);  b:  vascular  cylinder  dominated  by  fibers,  vessels  circularly  arranged, 
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medullary  rays multiseriate  (CE02‐09); c: bundles of  fibers  in arranged  in circular bands within  the 











secondary root: cork  / bark  thin‐walled; cortex  lost, with sclereids resembling  the adjacent 
parenchyma  cells  in  size  and  shape,  large  lumen;  endoSDs  lost  together with  the  cortex; 
secondary  phloem  broader  than  cortex,  but  of  lesser  radial  extension  than  the  vascular 
cylinder,  with  sclereids  of  the  same  type  occurring  in  the  cortex  and  bundles  of  fibers 
arranged in fascicular position above the vascular bundles; secondary xylem dominated by 
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Cirsium vulgare  root: a: Overview showing  the extension and arrangement of  tissues: narrow cortex 
enduring, secondary phloem broad, but of  lesser  radial extension  than  the vascular cylinder; bark  / 
suberized  cortex  and  secondary phloem with  sclereids, vascular  cylinder with  bi‐  and multiseriate 
medullary  rays  (CiV01‐09);  b:  cortex  with  endoSDs,  secondary  phloem  with  fibers  arranged  in 








secondary  root:  cork  thin‐walled,  sometimes  with  crystalloids;  small  cortex  enduring; 
distinct  endodermis  with  endoSDs  usually  up  to  6  surrounding  cells  at  maximum; 
secondary  phloem  usually  broader  than  cortex,  but  of  lesser  radial  extension  than  the 
vascular cylinder, with fibers single and arranged in bundles; secondary xylem with fibers 
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b:  Schematic  view  of O. 
acanthium  root 
(transverse  section): 
small  ellipses  mark  the 
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Onopordum  acanthium  root:  a:  Overview  showing  the  extension  and  arrangement  of  tissues:  the 












secondary  root:  cork  /  bark  thin‐walled;  cortex  lost  in  course  of  rhytidome  formation; 
endoSDs lost together with the cortex; small secondary phloem usually broader than cortex, 
but of  lesser radial extension  than  the vascular cylinder, with  fibers single and arranged  in 
bundles  in  fascicular  position  above  the  vascular  cylinder  between  the  phloem  rays; 
secondary  xylem with mainly  parenchymatous  cells  (often  slightly  thickened walls),  few 





Culture: vessels much  smaller  in diameter  (up  to  61μm),  arranged  like  rays;  less  fibers  in 
secondary phloem as well as in vascular cylinder 
 140
Comparative anatomical studies of medicinally used drugs of the Asteraceae and their possible adulterations                                   Appendix II   
_________________________________________________________________________________________ 
 
Diameter of vessels highly variable  even within one  root:  245μm near  the  tip of  the  root, 
113μm 1,5cm below the hypocotyle!  
 
a:  Root  of  Silybum 
marianum,  habitus  (S3‐
11‐08) 
b:  Schematic  view  of  S. 
marianum  taproot 
(transverse  section): 
small  ellipses  mark  the 
position  of  the  endoSDs 
within  the  cortex;  sec. 
phloem  usually  broader 
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Silybum  marianum  root:  a:  Young  root  (cultivated  plant):  overview  showing  the  extension  and 
arrangement of tissues: small cortex with endoSDs, broad sec. phloem, but of  lesser radial extension 
than the vascular cylindervascular cylinder with multiseriate medullary rays, vessels in rows (S4); b: 
older  root:  overview  showing  the  extension  and  arrangement  of  tissues:  cortex  lost,  sec.  phloem 













primary  root:  rhizodermis brown, with  thickened cell walls  to  the outside; distinct brown 
exodermis with  thickened  cell walls;  cortex  broad,  enduring due  to  primary  root  system; 
distinct  endodermis  with  endoSDs  with  small  lumen  –  usually  4  surrounding  cells; 
secondary phloem small; vascular cylinder 4‐ or 5‐radiate; secondary xylem dominated by 
fibers strongly lignified in central position, few vessels, mainly simple, also weakly bordered, 















small  ellipses  mark  the 
position  of  the  endoSDs 
of  the  cortex,    vascular 
cylinder  with  fibers  in 
central position 
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b:  Schematic  view  of  R. 
scariosum  root 
(transverse  section): 
small  ellipses  mark  the 
position  of  the  endoSDs 
of  the  cortex  and  type 
SD2a  ducts  in  fasc. 
position  between  the 








the  wide  extension  of  the  secondary  phloem;  secondary  phloem  with  secretory  ducts  type  SD2a 
positioned  fascicular between phloem  rays  (2x); b: overview  showing  the extension of  the vascular 
cylinder with vessels  in groups more or  less circularly arranged  relative  to  the centre of  the xylem, 
multiseriate medullary rays (2x); c: cortex with endoSDs, SD2 in secondary phloem between phloem 
rays(4x); d:  secretory ducts  type SD2a positioned  fascicular between phloem  rays  in  the  secondary 
phloem and within the secondary xylem between the medullary rays(10x); e: secretory ducts type SD2 
in secondary phloem(40x); f: group of vessels and  fibers of the secondary xylem, secretory ducts SD2a 











al.,  2006),  Acrocentron  (formed  by  Centaurea  sect.  Acrocentron  (Cass.)  DC.,  Centaurea  sect. 
Chamaecyanus Willk. and C. sect. Stephanochilus Coss.&Dur.) (Font et al., 2009) and Cyanus. 












in  the cortex, with  rarels scattered  fibers; broad vascular cylinder dominating  in extension 
with prim. xylem visible; secondary xylem dominated by fibers, few vessels dispersed over 
the  transverse  section,  reticulate,  simple  or  weakly  bordered,  up  to  57μm  in  diameter; 
medullary rays varying  from narrow  to broad rays, can even appear almost raylessness  in 
transverse  section because of  thickened cell walls of  ray cells; secretory ducts of  type SD4 
(secretion  by parenchyma  cells  /  sclereidal  cells  into  ordinary  intercellular  spaces)  always 






tissue  frequently  ruptured  /  obliterated,  with  sclereids  single  or  in  groups  mainly  in 
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conjunction with SD4  (see above); endoSDs  lost or crushed  together with rupturing of  the 
cortex; secondary phloem usually broader than cortex, but of lesser radial extension than the 
vascular cylinder broad, with sclereids of  the same  type occurring  in  the cortex and  fibers 
arranged  in bundles which may build  caps over vascular bundles;  secondary  xylem with 


















Centaurea  jacea  root: a: Overview  showing  the  extension and arrangement of  tissues:  the  secondary 
xylem  is the most expanded component (CJ02‐09); b: endoSDs of sec. phloem (CJ02‐09); c: overview 
showing sclereids in conjunction with SD4 within the secondary phloem, endodermis with endoSDs, 
cortex and rhizodermis  (CJ02‐09); d: sclereids positioned  in  the pith associated with secretory ducts 
type SD4  (CJ8‐1);  e:  secondary xylem dominated by  fibers, with  few vessels dispersed  (CJ01‐09);  f: 












secondary  root:  cork  thin‐walled,  sometimes  with  crystalloids;  cortex  durable  or  lost  in 
course of  rhytidome  formation, with occasionally  sclereids  single or  in groups  resembling 
the  adjacent  parenchyma  cells  in  size  and  shape;  distinct  endodermis with  endoSDs  lost 
together with cortex; secondary phloem dominant, comparable in extension to the vascular 
cylinder, with sclereids of the same type occurring in the cortex and pitted fibers single or in 
bundles;  secondary  xylem  with  fibers  in  tangential  bands more  or  less  alternating with 
bands  of  parenchymatous  cells,  vessels  circularly  arranged  relative  to  the  centre  of  the 
xylem,  reticulate and  strongly bordered, up  to 114μm  in diameter; medullary  rays broad, 
multiseriate,  unlignified;  secretory  ducts  type  SD3  (lysigenous  development,  large  inner 
diameter – can  fill  the whole  space  from one phloem  ray  to  the next)  located  in  fascicular 




a:  Taproot  of  Centaurea 
scabiosa,  habitus  (CS02‐
08) 
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secondary  root:  rhizodermis  brown;  cortex  enduring;  distinct  endodermis  with  caspary 





































secondary  root:  cork  /  bark  narrow,  thin‐walled,  sometimes  with  crystalloids;  cortex 
enduring, possibly with  sclerenchymatous  thickening of  cells  though distinct  sclereids are 
missing;  distinct  endodermis  with  endoSDs  –  usually  up  to  10  surrounding  cells  at 
maximum; secondary phloem narrow,  in younger roots almost  invisible; vascular cylinder 
dominating;;  secondary  xylem dominated by  fibers,  few vessels  either dispersed  over  the 
transverse section or arranged  in tangential bands, reticulate, mainly strongly bordered, up 
to  82μm  in  diameter; medullary  rays  up  to  5  cells  in  one  row,  can  even  appear  almost 












within  the  cortex  and 



















secondary  root:  cork  narrow,  thin‐walled,  sometimes  with  crystalloids;  cortex  enduring; 
endoSDs with  small  lumen;  small  secondary phloem usually broader  than  cortex, but  of 
lesser  radial  extension  than  the  vascular  cylinder,  with  fibers  arranged  in  bundles  in 
fascicular position above the vascular cylinder between phloem rays; secondary xylem with 
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a:  Taproot  of  Cnicus 
benedictus, habitus (S3) 
b:  Schematic  view  of  C. 
benedictus  root 
(transverse  section): 
small  ellipses  mark  the 
position  of  the  endoSDs 
within  the  cortex;  sec. 
phloem broader than the 
cortex,  but  sec.  xylem 
dominating 
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Cnicus  benedictus  root: a: Overview  showing  the extension and arrangement of  tissues:  small  cortex 
with  endoSDs,  broad  secondary  phloem,  but  of  lesser  radial  extension  than  the  vascular  cylinder 
cortex,  vascular  cylinder  (S4);  b:  overview  showing  the  anatomy  of  the  secondary  phloem  (S2);  c: 
endodermis with regularly arranged endoSDs with small lumina (S2); d: xylem dominated by fibers, 





















secondary  root:  phellem  thin‐walled,  thoroughly  parallel  laminated,  sometimes  with 
crystalloids;  cortex  lost  in  course  of  rhytidome  formation;  secondary  phloem  dominant, 
comparable in extension to the vascular cylinder, with lacticiferous vessels arranged in rows 
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Scorzonera  purpurea  root:  a,b:  Overview  showing  the  extension  and  arrangement  of  tissues:  the 
secondary phloem  is  comparable  in  extension    to  the vascular  cylinder,  fibers both  in phloem  and 
xylem missing, laticiferous vessels within secondary phloem arranged in rows in fascicular positions 
above vessels of secondary xylem (SP02‐09); c: laticiferous vessels within secondary phloem arranged 
in rows  in  fascicular positions above vessels of secondary xylem – “continuing  the rows of vessels” 
(SP01‐09); d: phellem  thin‐walled,  thoroughly parallel  laminated  (SP02‐09); e: overview showing  the 









secondary  root: phellem with  slightly  thickened  cell walls,  thoroughly parallel  laminated, 
sometimes  with  crystalloids;  cortex  lost  in  course  of  rhytidome  formation;  secondary 
phloem  dominant,  comparable  in  extension  to  the  vascular  cylinder,  with  lacticiferous 
vessels  arranged  in  rows  in  fascicular  position  “continuing”  the  vessels  of  the  secondary 
xylem as well as in interfascicular position  above parenchymatous tissues of the secondary 
xylem; secondary xylem dominated by parenchymatous cells with vessels arranged in single 






a:  Taproot  of  Scorzonera 
rosea, habitus (SR01‐09) 
b:  Schematic  view    of 
Scorzonera  rosea  root 
(transverse  section): 












secondary phloem arranged  in  rows  (SR02‐09)  (a), secondary xylem dominated by parenchymatous 
cells with  fibers missing,  vessels  arranged  in  single  to multiple  rows  (b)  (SR01‐09);  c:  laticiferous 
vessels within secondary phloem arranged in rows in fascicular positions above vessels of secondary 











secondary  root: phellem with  slightly  thickened  cell walls,  thoroughly parallel  laminated, 
sometimes  with  crystalloids;  cortex  lost  in  course  of  rhytidome  formation;  secondary 
phloem dominant, comparable in extension to the vascular cylinder, with laticifers arranged 
in rows  in fascicular position “continuing” the vessels of the secondary xylem as well as  in 














sec.  phloem,  vessels  of 
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Scorzonera  aristata  root:  a,b:  Overview  showing  the  extension  and  arrangement  of  tissues:  broad 
phellem,  the  secondary phloem  is  comparable  in  extension  to  the vascular  cylinder,  fibers missing, 
laticiferous  vessels  within  secondary  phloem  and  vessels  of  secondary  xylem  arranged  in  rows 








secondary  root:  phellem  broad,  with  slightly  thickened  cell  walls,  thoroughly  parallel 
laminated,  sometimes  with  crystalloids;  cortex  lost  in  course  of  rhytidome  formation; 
secondary  phloem  comparable  in  extension  to  the  vascular  cylinder,  with  lacticiferous 
vessels arranged in rows in fascicular position “continuing” vessels arranged in single rows 
of  the  secondary  xylem;  secondary  phloem  and  secondary  xylem  building  bundles 
comparable  to  monocotyles  but  with  secondary  growth,  irregulary  dispersed  over  the 
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Scorzonera  austriaca  root:  a,b: Macroscopic  picture  of  transverse  section,  treated with  Phloroglucin‐
HCl:  secondary  xylem  red‐coloured  (SA01‐09,SA04‐09);  c:  overview  showing  the  extension  and 
arrangement  of  tissues:  broad  phellem,  the  secondary  phloem  is  comparable  in  extension  to  the 
vascular  cylinder,  irregularly  arranged  within  transverse  section,  no  circular  structure  of  root  – 
“bundles” of secondary xylem and secondary phloem dispersed comparable to monocotyles but with 
secondary  growth  (SA01‐09);  d:  phellem  with  slightly  thickened  cell  walls,  thoroughly  parallel 









rhizome:  phellem  thin‐wanded,  may  contain  sclereids,  thoroughly  parallel  laminated, 
sometimes  with  crystalloids;  cortex  lost  in  course  of  rhytidome  formation;  secondary 
phloem  dominant,  comparable  in  extension  to  the  vascular  cylinder,  with  lacticiferous 
vessels  arranged  in  rows  in  fascicular  position  “continuing”  the  vessels  of  the  secondary 
xylem as well as in interfascicular position  above parenchymatous tissues of the secondary 
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Scorzonera  humilis:  a: Overview  showing  the  extension  and  arrangement  of  tissues:  the  secondary 
phloem is comparable in extension  to the vascular cylinder, fibers missing, laticiferous vessels within 
secondary  phloem  irregularly  dispersed  (a)  (SH01);  b:  vessels  of  secondary  xylem  arranged  in 
multiple  rows  (SH03);  c:  laticiferous  vessels more  or  less  in  fascicular  position  arranged  in  rows 








secondary  root:  phellem  thin‐walled,  thoroughly  parallel  laminated,  sometimes  with 
crystalloids;  cortex  lost  in  course  of  rhytidome  formation;  secondary  phloem  dominant, 
comparable in extension to the vascular cylinder, with lacticiferous vessels arranged in rows 
in  fascicular  position  “continuing”  the  vessels  of  the  secondary  xylem  as  well  as  in 
sclereids missing; 
em missing; 
interfascicular  position  irregularly  dispersed;  outer  parts  of  secondary  phloem  often 
obliterated  /  collapsed;  secondary xylem dominated by parenchymatous  cells with vessels 















small  ellipses  mark  the 
laticifers  of  the  sec. 
phloem,  the  vascular 
cylinder  with  vessels 
arranged  in  single  or 
multiple rows 
Scorzonera  hispanica  rhizome:  a,b:  Overview 
showing  the  extension  and  arrangement  of 
tissues:  sec. phloem  comparable  in  extension    to 
the  vascular  cylinder,  fibers missing,  laticiferous 
vessels within  sec. phloem  arranged  in  rows  (a), 
secondary  xylem dominated  by parenchymatous 
cells  with  fibers  missing,  vessels  arranged  in 
single  to  multiple  rows  (b)  (SHI03);  c:  phellem 
thin‐walled,  thoroughly  parallel  laminated 
(SHI02); d:  vessels  of  sec.  xylem more  or  less  in 
single  or  double    rows  (SHI02);  e:  reticulate 
vessels  (SH01‐08);  a‐d:  transverse  sections;  e: 
longitudinal sections; 
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secondary  root:  phellem  thin‐walled,  sometimes  with  crystalloids;  cortex  enduring  with 
distinct  endodermis visible;  secondary phloem dominant,  comparable  in  extension  to  the 
vascular  cylinder,  with  lacticiferous  vessels  arranged  in  rows  in  fascicular  position 
“continuing”  the  vessels  of  the  secondary  xy   s
phloem  also  irregulary  dispersed;  secondary
double rows, cumulative at the outer part, fib
circularly lignified relative to the centre of the 





lem, within  the  outer  part  of the  econdary 
  xylem  with  vessels  arranged  in  single  and 
ers mainly within the outer part of the xylem 
xylem, inner parts unlignified; vessels mainly 





c:  Schematic  view    of  Tragopogon  sp.  root  (transverse  section):  sec.  root:  small  ellipses  mark  the 
position of  the  laticifers of  the broad sec. phloem, comparable  in extension  to  the vascular cylinder 
with vesse  arranged   sing e or double ls in l rows 
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Tragopogon  orientalis  root:  a,b:  Overview  showing  the  extension  and  arrangement  of  tissues:  the 
secondary  phloem  is  comparable  in  extension    to  the  vascular  cylinder  (the  secondary  xylem  just 
slightly  dominating),  fibers  in  secondary  phloem  missing,  laticiferous  vessels  within  secondary 
phloem arranged in rows; small phellem (TO03‐08, TO01‐08); c: sec. xylem with vessels more or less 
arranged in single or double rows, more vessels to the outer part (TO03‐08); d: secondary phloem with 









phloem  is  comparable  in  extension    to  the  vascular  cylinder  (the  secondary  xylem  just  slightly 
dominating),  fibers  in  secondary  phloem  missing,  laticiferous  vessels  within  secondary  phloem 
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rhizome  with  secondary  growth:  Thin‐walled  phellem,  subexodermal;  cortex  enduring; 
cortex  and  secondary  phloem  of  lesser  radial  extension  than  the  vascular  cylinder, with 






















laticifers  of  the  phloem; 
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Cicerbita alpina  rhizome: a: Overview showing  the extension and arrangement of  tissues: cortex and 
sec. phloem of lesser radial extension than the vascular cylinder, vessels cumulating at the outer parts 
of  vascular  bundles  with  diameter  enlarging,  large  pith  (CiAl01‐09);  b:  cortex,  sec.  phloem  with 
laticifers dispersed  (CiAl03‐09);  c: vascular bundle between broad medullary  rays and  transition  to 






























Lactuca  muralis  root:  a:  Overview  showing  the  extension  and  arrangement  of  tissues:  cortex  and 
secondary phloem of lesser radial extension than the vascular cylinder, secondary xylem dominated by 
fibers, few vessels arranged in short single rows (M01‐08); b: cortex and narrow secondary phloem with  
laticiferous vessels dispersed  (M01‐08); c: secondary xylem with medullary  ray of cells with  thickened 
cell walls (M02‐07); d: secondary xylem with mainly strongly bordered vessels (M02‐07)  
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secondary  root:  phellem,  thin‐walled,  thoroughly  parallel  laminated,  sometimes  with 
crystalloids; cortex  lost  in course of rhytidome  formation; secondary phloem broad, but of 





irregularly  dispersed;  secondary  xylem with    vessels  arranged  in multiple  rows  –  often 





a:  Taproot  of  Lactuca 
0
b:  Schematic  view  of  L. 
perennis root (transverse 
section):  small  ellipses 










due  to  formation  of  rhytidome,  secondary  phloem  of  lesser  radial  extension  than  the  vascular 
cylinder, secondary xylem with vessels arranged in multiple, winded rows (LPAST14B); b: secondary 
xylem with multiple rows, medullary rays multiseriate, tissues ripped apart (LPAST14A); c: secondary 
phloem  with  laticiferous  vessels  arranged  in  rows  and  irregularly  dispersed  (LPAST14B);  d: 
rhytidome:  phellem  of  thinwalled  cells,  thoroughly  laminated,  in  between  obliterated  dead  cells 







secondary  root: phellem,  thin‐walled, sometimes with crystalloids; cortex  lost  in course of 
rhytidome  formation;  secondary  phloem  broad,  but  of  lesser  radial  extension  than  the 
vascular  cylinder, with  laticiferous  vessels  in  rows,  also  irregularly  dispersed;  secondary 
xylem with  fibers,   vessels arranged  in single  to double rows, reticulate  thickening, simply 
and  strongly  bordered pits, mainly  simply  bordered, up  to  93μm  in diameter; medullary 
rays multiseriate, often ripped apart; pith missing; 
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rhizome:  phellem  thin‐walled,  sometimes with  crystalloids;  cortex  broad,  dominating  in 
extension (besides pith), enduring; secondary phloem small, comparable in extension to the 
vascular  cylinder,  with  laticiferous  vessels  irregularly  dispersed;  secondary  xylem  with 
vessels irregularly dispersed; vessels mainly reticulate, also simply bordered, up to 45μm in 







































arranged  in    rows or  irregularly dispersed; vessels mainly weakly bordered, also  strongly 
bordered, up  to 70μm  in diameter; medullary rays multiseriate, up  to 5 cells  in a row, ray 
cells may have thickened cell walls, medullary rays sometimes bad visible; pith missing;  
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Sonchus  oleraceus  root: Overview  showing  the  extension  and  arrangement of  tissues:  the  secondary 
phloem  is  of  lesser  radial  extension  than  the  vascular  cylinder,  secondary  xylem  with  vessels 
irregularly  dispersed  (SO01‐07);  b:  laticiferous  vessels within  secondary  phloem  arranged  in  rows 
(AST18); c: center of secondary xylem with vessels dispersed and fibers (SO01‐07); d: secondary xylem 










secondary  root:  phellem  thinwanded;  cortex  lost  in  course  of  rhytidome  formation; 
secondary  phloem  dominant,  comparable  in  extension  to  the  vascular  cylinder,  with 
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a:  Fibrous  root  system 
b: Schematic view   of C. 
verse 
section):  sec.  root:  small 
 
 




position  of  the  laticifers
























laticiferous vessels dispersed;  secondary  xylem with parenchymatous  cells with  sclereidal 
thickening  and  sclereids  –  thickness  of  cell  walls  gaining  towards  the  pith;    vessels 
irregularly  dispersed  over  the  transverse  section,  reticulate  and  weakly  bordered,  up  to 
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Crepis  aurea  rhizome:  a:  Overview  showing  the  extension  and  arrangement  of  tissues:  cortex 
dominating,  vascular  bundles with  small  secondary  phloem,  broad  pith  (CrA04‐08);  b:  secondary 
hloem with  laticiferous vessels  irregularly dispersed  (CrA03‐08); c: vascular bundle with sclereidal 
thickening of cell walls (CrA04‐08); d: sclereidal thickening of cells of the vascular bundle, thickness of 








secondary  root:  phellem  thin‐walled;  cortex  lost  in  course  of  rhytidome  formation; 
secondary  phloem  dominant,  comparable  in  extension  to  the  vascular  cylinder,  with 
laticiferous vessels  arranged  in  concentric  circles  fascicularly positioned;  secondary  xylem 
with  vessels  irregularly  dispersed  over  the  transverse  section,  getting  larger  in  diameter 
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Crepis  pontan   root:  a: Ov
phloem is compar
a erview  showing  the  extension  and  arrangement  of  tissues:  the  secondary 
able in extension  to the vascular cylinder, fibers missing, laticiferous vessels within 













































is  root:  a: Overview  showing  the  extension  and  arrangement of  tissues:  cortex  and 
  small,  secondary  xylem dominating,  relatively  few vessels  irregularly dispersed  
 with  laticiferous  vessels  irregularly  dispersed 









 vessels  irregularly arranged; vessels  reticulate, up  to 50μm  (T. cucullatum)  / 61μm  (T. 
laevigatum) in diameter; medullary rays not existing; pith missing;  
(AST17);  b:  durable  cortex,  small  secondary  phloem




























phloem  circularly  arranged  (TO01‐08);  b:  laticiferous  vessels  arranged  in  concentric  circles within 
 187
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phloem  circularly  arranged  (TL01‐08);  b:  overview  showing  secondary  phloem,  cambium  and 
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secondary  phloem  of  less
a: Overview showing the extension and arrangement of tissues: cortex and 
er  radial  extension  than  the  vascular  cylinder,  large  pith  (CJ01); b:  small 
ticiferous vessels dispersed, vascular bundles with  lots of fibers, relatively 









rhizome with  secondary  growth:  cortex  enduring,  dominating  in  extension;  endodermis 
visible even wthin older roots; secondary phloem small, with laticiferous vessels irregularly 
dispersed;  secondary  xylem  with  vessels  irregularly  dispersed,  lignified  fibers  circularly 



































Willemetia  stipitata  rhizome:  a: Overview  showing  the  extension  and  arrangement  of  tissues:  broad 
ry  xylem  with  fibers  WS01‐08;  b:  secondary  phloem  with 
ularly  dispersed  laticiferous  vessels  (WS02‐08);  c:  vascular  bundle  with  vessels  irregularly 
ispersed  and  lignified  fibers  building  a  circular  band  (WS01‐08);  d:  reticulate  vessels  of  vascular 
undle (WS02‐07) 
‐c: transverse sections; d: longitudinal section; 














ermis;  small  cortex  enduring;  secondary  phloem  dominating  in 
tension,  comparable  to  the vascular  cylinder, with  laticiferous vessels mainly  in  rows  – 
often two rows band together in the outer part of the phloem; secondary xylem with vessels 




























phloem  in  extension  com
laticiferous  ve
ot:  a: Overview  showing  the  extension  and  arrangement  of  tissues:  sec. 
parable  to  sec.  xylem,  laticifers  mainly  in  rows  (S4);  b:  two  rows  of 
together  to  one  (S5);  c:  vessels  and  fibers  of  secondary  xylem  (S5);  d: 








phloem dominating  in extension,  laticiferous vessels  in concentric circles; secondary xylem 









































ndary  root:  phellem  thinwanded;  cortex  lost  in  course  of  rhytidome  formation; 
minant,  comparable  in  extension  to  the  vascular  cylinder,  with 









































  dominant  se dary  phloem  with  fibers  missing,  laticiferous  vessels  within  secondary 
ularly d (a); broad secondary phloem with laticiferous vessels circularly arranged 








secondary  root:  phellem  thinwanded;  cortex  lost  in  course  of  rhytidome  formation; 
secondary phloem dominating in extension, with laticiferous vessels arranged in concentric 













a:  Taproot  of  Leontodon 
incanus, habitus (L100) 
b: Schematic view   of L. 










course  of  rhytidome  formation,  sec. phloem dominating,  secondary  xylem with  vessels  irregularly 
dispersed,  fibers  (L107); b:  secondary  phloem with  laticiferous  vessels  in  circular  lines  (L358‐1);  c: 













n ur el wards  the  outside with  thickened  cell walls;  secondary  phloem 
tension to the vascular cylinder, with laticiferous vessels irregularly 






























pith  dominating,  small  vascular  bundles  (L105);  b:  laticiferous  vessels  within  secondary  phloem 











and weakly bordered up  to 57μm  in diameter; [within rhizome sclereids within  the xylem, 






































  root  /  rhizome:  a: Overview  showing  the  extension  and  arrangement  of  tissues: 
d  secondary  phloem  small,  secondary  xylem  dominating,  vessels  irregularly 
02‐07);  b:  durable  cortex,  small  secondary  phloem  with  laticiferous  vessels 
dispersed (root) (PH02‐07); c: cortex and sec. phloem with sclereids and fibers in bundles 
condary xylem with  few vessels dispersed over  transverse section,  fibers, 










with  laticiferous vessels  irregularly dispersed;  secondary  xylem with  fibers  and  relatively 





























rhizome  with  secondary  growth:  phellem  thin‐walled,  sometimes  with  crystalloids;  broad 
cortex enduring with big intercellulars; secondary phloem small, comparable in extension to the 
vascular  cylinder, with  laticiferous  vessels  irregularly  dispersed;  secondary  xylem with  few 
vessels  irregularly dispersed;  vessels mainly  reticulate,  also  simply  bordered,  up  to  34μm  in 
 missing; 




















wanded  phellem,  cortex  enduring,  small  vascular  bundles, multiseriate 
cortex  with  big  intercellulars  (L102);  c:  overview  of  cortex  and  secondary
medullary  rays  (L102);  b: 














rhizome with  secondary growth: phellem  thin‐walled, exodermal;  rhizodermis with  thick 









b:  Schematic  view  of  P. 
purpurea  rhizome 
(transverse  section): 
small  ellipses  mark  the 














  lesser  radial extension  than  the vascular cylinder,  large pith  (PP03‐09); b: 
is wit icle, subexodermal phellem starting to develop (PP01‐09); c: overview over 
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rhizome  with  secondary  growth:  phellem  thin‐wanded;  dominate  cortex  enduring; 
secondary  phloem  small, with  laticiferous  vessels  irregularly  dispersed,  older  roots may 







b:  Schematic  view  of H. 
pilosella  rhizome 
(transverse  section): 



















ieracium  pilosella  rhizome:  a: Overview  showing  the  extension  and  arrangement  of  tissues:  broad 





























a:  Taproot  of  Cichorium 
intybus, habitus (CI1‐08) 
b: Schematic view   of C. 




in  extension  to  sec. 
xylem,  with  laticifers  in 
rows; 
Cichorium intybus root: a: Overview showing the extension and arrangement of tissues: sec. phloem 

































































with  endodermis  still  visible,  sec.  phloem  with  laticiferous  vessels  dispersed  (AST22);  d:  overview 
T7) 
a‐c: transverse sections; d: longitudinal section;
Comparative ana cal ie e d  o As e po le ad                                                                              Appendix III 

















































e = 70 
f the terac ae and
___ ___
 their ssib ulte
___ ___




                
_____
                     
___
                         
____________
































































































































































































































































































































































































































































































































































































































































































































































































































ed Asteraceae and their possible adulterations                        Acknowledgments 



































































































































Comparative anatomical studies of medicinally used drugs of the Asteraceae and their possible adulterations                           Curriculum Vitae 
_____________________________________________________________________________________________________ 
 
 
CURRICULUM VITAE 
 
Personal Data 
 
Name: Mag. pharm. Elisabeth Fritz 
Date of Birth: 3. 7. 1979 
Place of Birth: Austria, Vienna 
 
 
Education 
 
September 1985 –  June 1989  Elementary school, Vienna 
September 1989 – June 1997  Secondary school, Sacré Coeur Pressbaum 
January 1996 – June 1996  Stay abroad in Ireland 
June 1997  School leaving examination with distinction 
October 1997 – November 2003  Study of Pharmacy at the University of Vienna 
November 2003  Diploma degree with distinction 
Title of the diploma thesis: “In vitro und in vivo 
Untersuchungen zum Metabolismus von Irinotecan“  
since March 2006  PhD studies at the Department of Pharmacognosy of the 
University of Vienna 
Title of the PhD thesis: “Surface structure of crude drugs” 
September 2007  Change of PhD thesis: „Comparative systematic studies of 
medicinally used drugs of the Asteraceae and their possible 
adulterations“ 
 
Professional experience 
 
Summer 1998  Pharmacy „Zur Heiligen Dreifaltigkeit“, Pressbaum 
July 1999 – Mai 2004  Pharmacy „Herz Jesu Apotheke“, 1050 Vienna; 
„Jagdschlossapotheke“, 1130 Vienna 
June 2004 – Mai 2005  Aspirantenjahr „Herz Jesu Apotheke“, 1050 Vienna 
since June 2005   Pharmacist in „Herz Jesu Apotheke“, 1050 Vienna 
since November 2005  Scientific co‐worker at the Department of Pharmacognosy of 
the University of Vienna 
October 2006 – June 2007  Student assistant at the Department of Pharmacognosy of the 
University of Vienna 
November 2006 – June 2007  Microscopical analyses for Trish Flaster, Botanical Liaisons 
since December 2006  Lectures in pharmacies, ARGE Schöpfungsverantwortung, 
Mag. Kottas, in scope of the adult education in Pressbaum 
October 2007 – January 2008  Assistant lecturer at the University of Applied Sciences, Vienna  
since October 2007   University assistant at the Department of Pharmacognosy of 
the University of Vienna 
since October 2007  Lecturer at the University of Applied Sciences, St. Pölten 
February 2008 – September 2008  Scientific co‐worker at the Department of Pharmacognosy of 
the University of Vienna in the project S107 “Drugs from 
Nature Targeting Inflammation” granted by the Austrian 
Science Fond 
September 2009 – February 2010  Guest lecturer at the University of Tuzla, Bosnia‐Herzegovina 
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